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ADVERTISEMENT. 




IT may be proper to remark, that this Part is intended as a com- 
plete treatise of Land Surveying with the Chain only ; while it forms 
the elements, and contains preliminary instructions to be observed^ 
wlien perusing the succeeding Parts to be published. 

• 

The object of having proposed this system of Land Surveying 
AND Levelling, is to form an English Treatise, which in systematic 
order treats of the Theory and Practice of this branch of Mathemat- 
ical Science, to that extent to which it now should be understood and 
practised ; for although there are several books upon Land Surveying, 
these are either very much abridged, or filled with methods which 
should now be obsolete, when we consider the present perfection of 
Surveying and Drawing Instruments ; besides the practice of many 
Measurers rather show the want of the application of Mathematical 
knowledge, in a profession vrhich is purely Geometrical. 

In the First Section, I have given those Problems and Theorems, 
the gi eater part of which I consider absolutely necessary for the prac- 
tice and knowledge of a Land Surveyor ; but of the first, I have not 
given the demonstrations ; because in doing this alone would have 
, almost constituted a volume of itself, without those advantages which 
will be found^the study of Euclid’s Elements, or other similar trea- 
tises which jffe already publ^hed.— The Theorems, with their Co- 
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, imUaries, iu« demonstra^^ iji a manner more to familiarize the learner 
to the measure of an^e4i upon the circle, and thereby answering 
to the figure of those instruments, which he will have much occasion 
to use in practice, than containing all that Mathematical definition, 
and strictness of demonstration, which is to be found in the Geomet- 
rical works referred to ; but these will be found some of the most 
useful in their applications. 

The 'matter composing the Second Section, contains chiefly the 
rules and applications of JjOfJARiTHSia to Arithmetical Calculations, 
with appropriate Examples. In the eomprehensive Table which is 
annexed, will bo found an improvement in^ the arrangement of the 
Proportionav. Parts, as exjdained in the text, by which, with very 
little trouble, or merely inspection, this Table becomes the Loga- 
rithms from 1 to 100,000. 

The Third Section is titled Land Survkying, because wholly 
relating to the method and practice of Measi^ring Land, and Planning 
therefrom, as done with the Chain only. Among the first articles is 
Practical Geometry upon the ground, exemplified by several useful 
Problems. — The description of the Drawing Instruments wdiich follow', 
are merely those necessary for protracting Plans from chain dimen- 
sions ; and afterw ards to the conclusion, there are exemplified all the 
cases t)f measuring and protracting Single Fields, Farms, Hoads, &c. ; 
but which is altogether confined to those methods only affording strict 
verifications ; so that rude methods, as by the general use of the 
Cross Staff, are only noticed as such. 

The Fourth or last Section is wholly devoted to Suurficial Ex- 
rKNT or Areas, and begins wdth the particular demc^trations and 
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Bhomboid, Trapezoid, Polygon, Circle, Aegment, and Sector 
Circles, and Ellipse ; in illustration of all of which 1 have givep cal- 
culated examples, both by Natural and Logarithm numbers. Hie 
finding of the areas of Single Fields^ either when measured together, 
or separately, is exemplified in the same manner, and here I have 
demonstrated and applied the ratio of Triangles having one common 
Angle ; by which is obtained a method for calculating the area of 
each field, without measuring them separately. Also is given the 
different and best methods 'fo/.,*calculating the area from a Delinea- 
tion or Flan, with calculated examples of each, as used in practice. 
There is likewise added, several Tables, which will be found very use- 
ful to the practising Land Surveyor, 

In the latter part of this Section is given a method, which in its 
application 1 presume is new, for finding the product of any two 
numbers, from a Table of Square numbers, without multiplication ; 
it wiU also find the sum of the product of any number of pairs of mul- 
tipliers by the same means, whereby it is more peculiarly applicable 
to find the area, either severally or collectively, from any number of 
dimensions which are of Triangles and Bhomboids, or all other figures 
of which the area is the result of multiplication. This method avoids 
the constant liability of error in many a ,tual multiplications of natural 
numbers, for Addition and Subtraction are the only operations necessa- 
ry ; and is much more expeditious than Logarithms, by avoiding the 
necessity of finding the product of each pair of multipliers, before the 
whole sum when only desired can be known. 

Throughout the whole of this Part, J have endeavoured to explain 
-^he Theory of Land Surveying with the Chain only, without refi u'"’ 



''i0> Other Geometrical hut only to the Problems and Theorems 

in this, by 'which the Idi^r may gain a competent and correct know- 
ledge of both Theory and Practice within the same volume. It will 
also be observed, besides the Problems and Theorems under Practical 
Geometry, others are given whelte found to be particularly applicable, 
as in Articles 48 and 50, by which the several uses as applied to 
Surveying, are directly shewn in Practical Examples, and which will 
be continued throughout the succeeding Sections to be published. 
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SURVEYING. 

«h 


PRACTICAL GEOMETRY. 


Geometry is the Science which discovers the relations and pro- 
perties of that representation of Magnitude and Extension, which we 
name figure. The demonstrations of Geometry being derived from the 
most simple and natural conceptions, are such as afford the clearest evi- 
dence to the most intricate propositions, whence it becomes a boundary 
between truth and uncertainty, in all objects to which it is applicable. 
The applications of Geometry are so various, that there is almost no 
Art or Science but of which it is either the basis, or can be made sub- 
servient to discover its elements, and if any new effect be discovered* 
this generally will develope the principle or cause. Astronomy, Navi- 
gation, and Geography we know are wholly dependent upon Geometry ; 
and Architecture, Sculpture and Painting, have their rules from its 
demonstrations : also, in constructing the maps of countries, fortresses 
and canals, both the Militarjs and Civil Engineer require Geometry ; 

* and Land Surveying and Levelling, as constituting the first and neces- 
s%iry operations of the last professions, are its most direct applications. 
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PLATE Z. 


D^nitions. 

♦ 

1« A point is that which marks position, but ,not magnitude. 

Sll. A Rne is lengdi without breadth. 

8. Lines are either straight or curved. 

4. A straight or right lincy lies all in the same direction, between 
its extreme points, as A. 

6. A curve line is that of which not*^ any two adjoining portions of 
it together, is a straight line, as B. 

6. Lines are said to be parallel, when all the distances between 
their opposite or corresponding parts keep the same, however far they 
may be produced, as C. 

7. Ohliqve lines are those in which all the distances between their 
corresponding parts keep not the same when produced, as D. 

8. An angle is formed by two lines divergent from the same point, 
as A B and A C, which is visually expressed the angle B A C, as Fig. 1. 

9. A right angle is that which is equal to either of the two adjacent 
angles made equal to each other, by a straight line meeting another 
between its extremities, as D A B, or B A C, Fig. 2. 

10. An acute an^le is a divergence less than that of a right angle, 
as E A C, Fig. 2. 

11. An obtuse awg/c is a divergence greater than that of aright 
angle, as D A E, Fig. 2. 

12. A perpendicular is a line meeting another and making a diver- 

gence with that line equal to a right dngle, as A B is perpendicular 
to A C, Fig. 2. ^ 

13. A triangle is a plane surface contained by three straight lines ; 
and has its names from the relations of its sides and angles ; for if 
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all the sides are equal, it is called eqmlateral^ qs Fig. 3 ; if f 
isocehs, as Fig. 4 ; and if aU unequal is'^ccdt^e, as Fig. 5 ; 
containing a right angle is tight angled, as F%. 6 ; or an obtuse 
is obtuse angled, as Fig. 4 ; and if all acute is €tcuie angled, as Fig. BH. v 

14. Any side of a triangle may be called the base, and the angular 
point opposite, is the tseriex ; but of a right angled triangle, the side 
opposite the right angle is the hypoihenusc. 

15. The angle at the vertex is called the vertical angle. 

16. A quadrilateral figure is contained by four straight lines ; but 
is denominated from the relation of its sides and angles ; for if the 
sides and angles are equal, it is a square, as Fig. 7 ; if the opposite 
sides are equal, and all the angles equal, it is a rectangle, as Fig. 8 ; 
if the sides are equal, and the opposite angles only equal, it is a rhom- 
bus, as Fig. 9 ; if opposite sides and angles are only equal, a rJiomhoid, 
as Fig. 10 ; if two of its sides are parallel, and the other two equal, it 
is a trapezium, as Fig. 11 ; and if two of the sides are paraDel, but all 
unequal, it is a trapezoid, as Fig. 12. 


PLATE ri. 


17. A. diagonal o£ a quadrilateral figure, is a straight line, which 
joins the opposite ang\ilar points, as A B, Fig. 13. 

18. Plane figures having more than four sides, are named polygons, 
and have their names from the number of their sides or angles ; as, a 
polygon of five sides is a pentagon, a hexagon six, a heptagon sex en, an 
octagon eight, &c. ; and a polygon is said to be regtdar, if its sides arc 
all cqual,*but if unequal, irregular. 

1 9. The boundary of any right lined figure is called the perimeter. 

^ 20. A circle is a plane figure, contained w ithin a curved line, which 

A 2 
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Is called the circumference, every point in which is equally distant 
iirom a certain point within/named the centre, as Fig. 14. 

^1, The radius of a circle is the distance from the centre to the cir- 
cumference, as C D. 

The diameter of a circle is equal to twice the radius, or a straight 
line passing through the centre, and terminating on both sides by the 
circumference, as A* JB. 

53. An arc of a circle is any portion of the circumferense, as D 

EB. 

54. A chord is a straight line joining the extremities of an arc, as 

DB. 

25. A segment is that part of a circle which is bounded by an arc 
and its chord, such as D K B, and X) B. 

26. The half of the circle is called a semicircle, as F A G, and the 
fourth part a quadrant, as A C G. 

27. A sector is any part of the circle bounded by an arc, and radii 
joining the extremities of that arc and the centre, as D F B C. 

28. Every arc is the 7ncasure of the angle or divergence of the radii 
which joins its extremities to the centre, by being compared to the 
whole circumference, as D E 13 is of the angle I) C B. 

29. The altitude of a figure is a perpendicular falling upon the base, 
or on it produced, from the remotest point opposite. 

30. Figures are said to be equal, when their corresponding parts 
coincide, and equivalent, when they contain the same measure. 

SI. Lines arc said to intersect when crossing each other. 
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PROBLEMS, 


PROBLEM I. 

The three sides D "Ei^, being given to construct a triangle. 

Draw A B equal D, and upon the centre A with the distance 
describe a circle. Describe another circle from the centre B, with the 
distance F meeting the former in C. — ^Draw A C and B C, and ABC 
is the triangle. 


PROBLEM II. 

To bisect a given angle E C F. 

At equal distances A and B from the angular point C as centreSf 
describe two arcs of the same radius, intersecting at D.— Draw C D 
and the angle is divided into two cqqal angles. * 
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pbobc&m; III. 

r 

To make one angle equal to another. 

Upon a, the given angular point, with imy radius describe an arc, 
cutting the two sides in B and C : with the same radius describe an- 
other arc, £ Fy from the point D, .and from any*point £, with the 
distance B C, intersect it in F.— Draw D C and D F, and the angle 
F D £ is eipial to the angle BAG. 


PROBLEM IV. 

* 

To dram a perpendicular to a given point in a straight line, 

# 

F ROM the given point A of the straight line, make B and C equally 
distant, and ujion these points, as centres, describe arcs of the same 
radius, intersecting each other at D.-— Then draw D A, which is a 
perpendicular to B C. 


PROBI.EM V. 

To draw a perpendicular fi'om one extremity of a line. 

Take any point C for a centre opposite the line, and upon the same 
side to which, the perpendicular is to be dra^in, and describe with 
the radius C B the circle A B D, and draw the diameter A C D.-— 
doin D and B^ and D B will be the perpendicular required. 





PBOBLEM VI, 


To draw a perpendkvktr firjm a given^point without a straigH^fiw^ ^ 

Upon the given point A as a eenire^ with any radius cut iSbjIi 
straight line in B and C, «id from the points B and C, with equal 
radius make an intersection Du-— Draw A D {ill it meet the strai^^t 
line in £, and A £ is a perpendicular to B C. 


PKOBLEM VII. 

To bisect a straight line. 

From A and B, the extremities of the straight line, describe arcs 
making intersections with each other in C and D. — ^Draw C D, and 
its intersection with A B, divides the straight line into two equal parts. 


PROBLEM VIII. 

Through a given point C, to dram a line paraUel to a given straight 

line A B. 

From any point D, as a centre, in the line A B, describe the aro 
E, and from C, with the same radius describe the arc D E.— Make 
I equal to E C, and through C and F draw C F, winch is the par- 
all,il required. 
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PROBLEM IX. 


Upon a straight line A B, ^ eonstruet a square, 

ire<liir A and B, with the radius A By descsribe the arcs A C and B D, 
inibirsectiiig at £, and bisect B S in F.— Make £ D and £ C each 
eqpiai to £ Fy and join A D, D 0, and B whidi will be a complete 
square. 




PROBLEM X. 

To divide a straight line A B, into ssny number of equod parts. 

(► 

From tlic extremity A of the given line A B, draw A C at any 
acute angle, and B D parallel to A C. — Repeat upon A C and B I), 
from A and B, any convenient distance, the number of times the cb- 
vision is leqnired: join A C and B D, by drawing lines between the 
op])osile and corresponding points, and the same number of inlei- 
scctions will be made upon A B, equally distant from each other. 


PROBLEM XT. 

Tti'O right Imcs \ B and B C being given, to find a mean proportional. 

Join a B and B C in one straight line, and bisect r in I) ; de- 
scribe the semicircle A E C, and erect the perjjendicui.* B I’, which 
is a mean proportional to A B and B(^, or A B ; B E ; ; I) I. : B C. 
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PKOBLEM Xlt 


To find a third proportion^ to two gilf^ lines A B and B C* 

Upon the extremity A B draw B C perpendicular ; also draW llife 
hypothenuse A C, and bisect it in D, with the perpendicular 15 E s 
then upon £, with the distance describe the arc A C F» and 
duce A B to F, — ^B F is a third proportional to the lines A B and B C ; 
or, AB:BC::BCvB F.‘ 

PROBLEM XIII. 

To find a fourth proportional to three given lines ah,hc, and ad. 

Make A B e<jual to the first, and A 15 efj^ual to the third, and firom 
B, the extremity of the first, draw B C equal to the second, at any 
convenient angle to A B ; also, through the point C, draw A C pro- 
duced to E.— Draw D E parallel to B C, meeting A C in E, and 
D E is the fourth proportional ; or, A B ; B C : : A D ; D E, and 
AC:CB:; AE:ED. 

PROBLEM XIV. 

The side of a polygon being given, to describe the polygon to any 

number of sides whatever. 

B 



iV* 0JPOW Gat esitTfime of ilio givon side A fi, describe a semicircle of 
aoy mdiusii and divide it into \be same number of equal parts, as the 
iddbs of the required polygon, for instance five. Then draw lines from 
'idle oeaaire through the points of division, but omitting the two last ; 
and with the distance of the side A P, from A or B intersect each 
mceessively from the next.i»Join these intersectionB* which will com** 
p&etb the polygon. 




PROBLEM XV. 

On a given diagonal to describe a square. 

Bisect the given diagonal A B, by the perpendicular D E, and 
upon C, the point of bisection, with the distance A or B, describe the 
circle A E B D.— — Join A E, E B, B D, and D A, and the square is 
complete. 




PROBLEM XVI. 

To inscribe a square in a given triangle. 

Draw the perpendiculai C D, and make B E perpendicular and 
• equal to A B ; also jtwii E D, and draw F G parallel, and G.H and 
F I perpendicular to A B.-— H G F I will be the inscribed square. 

a 



FSOBLEM Xm 


To biteci the drc of a circle A C B. 

Draw the chord A B, and bisect it in the point D, by a pevpen,^ ^ 
dicular produced to Cj and the arc A C is equal to the arc B C. ,i 

m 
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PROBLEM XVIII. 

Given an isoceles triangle A B C, /o construct another on the same base 

but with half the verticle angle. 

Bisect A B in the point E ; join E C, which produce till C D be 
equal to C A or C B, and draw A D and D B. — ^A D B is the isoceles 
triangle required. 




PROBLEM XIX. 

Given an arc A D B, tofnd the centre^ and complete the circle. 

Draw the chord of the given arc A B, and bicect it by the perpen- 
dicular D C ; join A D, and from A draw A C, making an angle 
D A C* equal to A D C.— The intersection C is the centre of the 
eucle required. 
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?BOBLEM XX. 


s To draw a kmgent B D, to « ^en "birde through a ^ven point A. 

f 

S 

BHieuc tlie given point A, draw tHe radius A C» and perpendicular 
to A C draw B D througli the pmnt A*«->The straight line BAD 
is tangent. 


PROBLEM XXI. 


c 

j 4 tangent line B D being givcn^ to find the point A where it touches 

the circle. 


Take any point E on the tangent B D, and from E to the centre 
draw E C : bisect E C in F, and with the radius F C or F E describe 
the semicircle CAE, cutting the tangent and semicircle in A, which 
is the point required. 


PROBLEM XXII. 

Through any three jioinls A B C, to describe the circumference of a circle. 

Join the three given points A B and C, and draw perpendiculars 
bisecting the lines A B and B C, produced till they meet in the point 
D» which is the centre of the circle required. 



PROBLEM XXin. 


In a given ctrcfe A B D, describe three equal ctrelee^ which idkisHt 
touch one another, and also the periphery of the gpven emde. 


F ROM the centre C, bisect the circle by the right lines C A, C B, 
and C D : join A D, and produce C D till D G*be equal to the hi^ 
of A D ; draw A G, and, parallel to it, D £ meeting C A in Es : 
make B F and D H each equal to A £, and upon £, F, and H, as 
centres, describe the circles through A, B, and D, which will toudi 
one another. 

Ix the same manner may any number of equal circles be made to 
touch one another within a given circle, by first dividing its circum- 
ference into the same number of equal parts as that of the circles re- 
quired. 


PROBLEM XXIV. 

On a given straight line A B, to describe the segment of a circle which 

shall contain a given angle C. 

Draw A D, making an angle BAD equal to C, erect A E per- 
pendicular to A D, make E F to bisect A B at right angles and 
meeting A E in E, and from this point as a centre, and with the dis- 
tance E A, describe the required segment A G B. 

If the angle be a right one, the segment is a semicircle described 
upon A B. 
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jPBOBLEM XXV. 


^ree pomia being given ABC, to find a fourth P to whieh^ if lines tn 
drpiit^Jtom the three formic, shall be in (he ratio of three given lines 
re^ecUvefy, 


Join the three giten points, and make A F equal to a, and A 1 
equal to c ; also make the angle A F G and AIK equal, each, to 
A C B, and from the centres F anri G, with the radii b and A K, 
respectively, describe two arc^ intersecting in H : then draw H F and 
H Ay and draw B P to make the angle A B P equal to the angle 
A H F,— Piuducc A H, meeting B P in P, which is the point re- 
quired. 




PBOBLFM XXVT. 

To describe a Iriangle A B C, .snuiiut w v give‘s one, A N M, so that 
three lines may he druv'n from its angular points to another point, 
which shall he etpial to Ihrci given iinr\ respectively. 

Let a K, A F, and A D be the given lines : drav' D E and K G, 
making tlie angles \ 1) E and A K G, each equal to the given angle 
A N iM, and intersecting A N in E and G. Fiom D and E as cen- 
tres, with the distance A F and A G, describe two arcs intersecting in 
H : draw' A H and make P equal to A D, and from the point P, 
with the distances A F and A K, respectively cut A JM and A N in the 
points B and C. — Join P B and P C, and ABC is the triangle required. 



15 

PROBLEM XXVII. 

Given the diagonals B E and A Vt, and two o^oposite sides A B and D 
and the angle made by the inclination of the given sides to each oth^^ 
to construct a trapezium. 

Make A B upon any line A C equal to one of^ the given sides, and 
make the angle C B G equal to the given angle : draw B G equal 
to the other given side, and upoi. A and G, as centtes, with the re- 
spective lengths of the given diagonals, desciihe arcs intersecting each 
other at D.->-Make D £ equal and parallel to G B, and join D B and 
E A, and A B D £ wiU be the trapezium required. 




PROBLEM XXVTII. 

To draw from a given point \. h //w < ircumfercnce of a given circle 
A H O, n given Jituhgb tf, J nugh ihc ntcle, so that it shall he 
iut in any given ratio by tin < ncto^Jt i >’tu( 

Draw the given line A b thiough an^r point 11 oi the circle, and 
divide it in I, to <he given ratio; also draw indeliintely anothei line, 
A E, at any angle to A B. Produce A B, so as to make II C to 
A II, and also D E lo A D, respectively, in the /atio of B 1 to 1 A : 
then, through the points C, E, and A, desciibe the (ijcl C 1] A, 
and upon A, witli the distance A B, cut it in the point L. — Join 
A L, which is equal to A B, and is cut in the given ratio by the cir- 
cumference of the given circle A H D F, in the point K. 
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AffOTBER METSOB* 

e 

Ftiri» the centre M of tb« given and from A, through M, 

draw A O, indefinitely cutting the circumference in IST : make O N 
t6 N Ay as BI is to I A, and bisect O A in the point P, which is the 
centre of the circle C E A. 

r- 




PROBLEM ^PCIX. 

Given two concentric circla, B H C and £ G K, and the ratio of the 
two parts of a straight line^ the one intercepted between a given point 
A, in the innermost circle and its circumference^ and the other part 
between the circumference of both the circles^ to fnd the line and Its 
position. 

Draw B C through the given point A and the centre of the con- 
centric circles, and divide A B in O, and A C in E, so that A E is to 
E C, and A D is to D B. in the same ratio of the parts of the straight 
line ; then bisect D E m the point F, and upon F as a centre, with 
the distance F D or F E, cut the circumference of the inner circle in 
G, and through G draw A TI, which is the line and its position. 


PROBLEM XXX. 


4 

Given three concentric circles II I G, C L F, and B XE, and the ratio 
of the two extreme segments of a straight line, the one intercepted he- 
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A' 

tween a given point A in the innerfHoet dtele and its cir 
the other between the second and outemtost circle^ to ,find the 
line and its positiont and the ratio qf the middle portion 
between the first and second circumference, 


Draw O P through the ^ven point A and the centre of the dz^ieS) 
and make C D to A B, and F M to A E, in fhe same ratio of « 
given segments ; then Insect D M in the point N*, and with the die* * 
tance N D or IN' M, cut the circumference of the outer circle in ^ 

Draw A I, and make L Q to A, K, as C D is to A B ; or also in the 
ratio of the segments : again, with the distance N^ Q, cut the circle 
H I G in T Join A T, which is the line, and S H the middle seg- 

ment extremely near. 


PROBLEMS 

USEFUL FOR DRAWING THE PARTS OF 
LARGE FIGURES. 


PKOBLEM XXXL 

Three points A, B, and C of an arc being given, to find a fourth D 
without these points, whic\ Wcewise shall be in the circumference of * 
the circle of that arc. 


c 
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I V At llurdisiigli tBe points B and C, draw indefinitely the lines 

, A B an4 A Ct and with any 'radius describe the arc £ G : then make 
. I** O eqiDOBl to E F, and through G draw A G towards D. — ^Upon C, 
wiill diitaiice C B, cut A G in D, which is the point required. 


problem XXXII. 

'ir'hr0e points of an arc A B, a7td C h^ing given, to find a number of 
points hfing between them, which shaU be in that same arc. 

From A, through the points B and Ct draw A B and A F, and 
with any radius describe an arc cutting A B in D, and A C in F : 
bisect the arc D F in the point E, and through E draw A H. — Join 
C B and bisect it in Gt and draw G H perpendicular to B C, meeting 
A E in H, which is in the circumference with ABC. In the same 
manner may other points be fpund between B H and H C. 


PROBLEM XXXIII. 

To draw a tangent G B to any arc A B C q/* a tdrcle through any 
point By without using the centre. 

From B towards C,. make B Z) and D E equal, and draw the chord 
B E : with the radius B 1) describe the arc G F, and make B G equal 
to F D.— Through B draw G B, the tangent required. 



PBOBLEM XXXIV. 

* 

The arc ABC being g^ven, and a tangent A D to that are, 
the point of contact, without using the centre. 

From any point H» without the arc, and with any radiuB, cttt fiMt 
arc in the points E and Ft and join E F : bisect *E F in the point 
and draw G H cutting the arc in B. — Make B I parallel to E 
meeting A D in I, and upon 1 as a centre, with the radius 1 B, de> 
scribe the arc B E A, cutting the tangent and the given arc in A, 
which is the point of contact. 


PROBLEM XXXV. 

To draw an arc of any radius, the chord and height only being given. 

Make A B the length of the chord, and D C the height of the 
arc required : draw C B, which will be the chord of half the arc, and 
perpendicular to C B draw BE; also make B F perpendicular to A B : 
then divide O B, C £, and B F, each into any but the same number 
of equal parts, as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12. Begin at 1 
on B F, with the direction of 1 C, 2 C, S C, &c. and cut the lines 11, 
2 2, 3 3, &c. in a, b, c, d, e, f, g, h, i, k, which points will be in the 
circumference of the circle, and 3 a, b c, &c. C is half of the arc. By 
doing the same on the other half of the chord A D, the Vi(hole arc 
A C Bnnay be drawn. 


V 



PEOBLEM XXXVI. 


« 

« ^ ra^us ^ a ctrelcf^ to dra/t» any jetton of its circumference 

, D 1, without using the centre. 

> 

^ Its tlie radius C A, any known part, suck as one half, a third, 
of A'lhurth of the given radius of the required arc, describe the circle 
A B, and draw, indefinitely, any number <xf lines A D, A E, A F, 
A G» A H, and A 1, cutting the circle A in the points a, c, d, c, 

< ft g* also make a D, 6 E, c F, &c. each respectively equal to as many 
l^es of a Ay & A, c A, as the diameter A B is in the given radius of 
the arc : that is, if A B is made equal to half the radius of the given 
arc, a D is to be equal tAvice a A, 6 E twice b A, &c. : then through 
the points D, E, F, G, H, 1, draw the arc required. 


PROBI.EM XXXVIl. 

Gwen three piHtUs A, B, and C, to draw a line from any one of them 
towards the centre of the arc which the itosition of these points describe., 

Join A B, AC, and B C, and draw C D perpendicular to B C : 
make the angle B A E equal to the angle A C X), and A E is the line 
^hich will pass through the centre of the arc. But if the line is to be 
drawn from B, produce A B and A C to any distance G and H, and 
make the angle G B F equal to the .angle H C D, and B F is the 
line required. 



21 

PROBLEM 3DtXVIII. 


A poinl B and a straight line 'A C heii^ ^ven in pouHon^ to 
circle Tvhich shall pass though that point and the extrefndhg A 0se 
^ven Une^ but whose centre shall he upon that line. 

Join A and B, and bisect A B in the point 1\ by the perpeiidicii^< 
lar D E meeting A C in £ : upon E as a centre, with the distanee 
E A or E B, describe the cirde ABF, which is that required. 


PROBLEM XXXIX. 

# 

Two points A and B, and a straight line C D being given in pontion^ 
to draw a circle which shall pass through the given points^ but whose 
centre shall he upon the given line. 

Join A and B, and bisect A B in E, by the perpendicular E F, 
meeting C D in F. — ^Upon F as a centre, with the distance F A or 
F B, describe the circle A B G. 


PROBLEM XL. 

Three points A, B, and C oj'^an arc being given^ to complete the arc 

without using the centre. 



. HT , 

From aiiy of tlie ^ven poi]i1i» as A, draw A 1) in ihe direction of 
tike centre, asid ftcm any point £ in A D, draw £ B or £ C : divide 
£ A and £ C or £ B, eadi into any number of equal parts, for in- 
atani^ 'three $ then through noy of the oosHesponding divisions, as 1, 
1, daaoriibe a circle, having its centre in the line A D, and from £ 
a^y number of lines, as £^ £ g, £ A, &c. cutting the circle in 
A *4) dec. and passing between the points A, B, C. — Make a A, a c, 
n A a Rf &c. each equal to the number of times of a £, as £ 1 
is’m 1 G or 1 A, and draw a line through A, c, a, e,/, g, &c. which 
ii lha arc required. 


PROBL£M XLI. 

To find the length of any arc A C B q/* o circle. 

JDraw indefinitely the chord A B, and bisect the arc A C B at C, 
and join A C.— -Make A B equal to twice A C, and D £ equal to one 
third of B D : then will A £ be equal to the length of the arc A C B. 


PROBL£M XLII. 

Three points ABC being g*ye/i, lying in the circumference of a circle^ 
and a fourth point D, to find anothep F, so that a circle passing 
through F D, and any given point., as B, of ihe given circunference, 
shall only fouch it at that point. 



Draw B E, bearing upon the centre of the cirde» and Stom 
D F perpendicular to B £.— -Make G F e^ual to D G, and F kv tlMl* . 
point required. 


PROBLEM XLIII. ‘ 

Three points A, B, and 0 of a circle being given^ and a fourth point D 
within or without that circle, ^ to •find other two points which, with the 
fourth, will describe a circle concentric to the three given points. 

Draw from any two of the three given points, as A and C, the lines 
A F and C E, tending to the centre, and upon any point G of the 
line A F, with the distance G D, describe the circle D F I : also upon 
H any point in C E, with the distance H D from the centre H, de- 
scribe the circle D K E : then from D draw D I perpendicular to A F, 
and D K perpendicular to C E, meeting the respective circles in I and 
K, which are the two points required. 


PROBLEM XLIV. 

Two lines A B and C D, bearing upon the same distant point, and also 
a point E in one of them being given, to find two other points, one of 
which is to be in the other A B, and both lying in the circumference 
of a circle parsing through £, and whose centre is the point of meet- 
• of A B and C D. • 

Draw E F perpendicular to A B, and make G F equal to E G, 


V ... 



F IB the poult required without A B : Irom JF to asty point H in 
C jD; dlUbW r whicli bisedi in I ; also draw 1 K parallel to F £, and 
Hseet H ift X*, and from L draw L*D perpendicidar to 1 K, meeting 
C D r agaiin, from F to any point M in A B, draw F M, which 
Haaot in N ; and from 1^, with the distance D T or D £, cut A B in 
npon this point as a centre, with the same radius H B, describe 
arc N O, cutting A B in 0.~-Make O P equal to M O, and P is 
the other point which is in the line A B as required. 


PROBLEM XLV. 

Three points A, B, and C being given^ to dram from a given fourth 
point D, a line hearing upon the centre of the arc, described by the 
given position of three points. 

Draw lines A E and C F from any two of the points A and C, 
tending to the centre, and from A to any point G in C F, drav/ AG; 
bisect A G in M, and G C in I, and join H and I : also bisect H I 
in the point K, and draw K F perpendicular to H I, meeting C F in 
F : then join A I) and C D, and bisect A D in L, and I) C in M, 
and upon L and M as centres, with the distance F H or F I, describe 
arcs intersecting each other in N.-— Through N draw I) N, which is 
the line required. 


PROBLEM XL VI. 

/ 


The longest and shortest diameters, viz. A B and C X) being given, to 



* 

desmihe tite nmde or any portion of asn elUpse, 


Maks A F and B G each equal* to C £ or D £> and upon ^ 
the points 1, 2, S, 4, &c. in F F ; with the distance F £ from each 
respectively, cut D £ in 1, 2, 3, 4, &c. : through 1 1, 2 3 3, 4 4, &c. 

draw indefinitely 1 a, 2 6, 3 c, 4 d, and make 1 a, 2 bt 3"c, 4 d e«ch 
equal to A F : then draw the curved line A a 6 c dC, which is a por^ 
tion of the ellipse required.-->In the same manner may the curve be 
described through C B D A, which will complete the ellipse. 


GEOMETRICAL THEOREMS. 

AXIOMS. 

1. EQUAL arcs of the same radius have equal chords ; so that if 
the aic A B C is equal to the arc D E F, the chiurd A C is equal to 
the chord 1) F. 

2. Parallel lines, however, drawn through a circle, intercept equal 
arcs upon the circumference ; as the arc A B is equal to the arc C D. 

3. The greater chord in a semicircle subtends the greater arc ; as if 
the chord* A B is greater than the chord D E, the arc A C B is great- 

, ,er than the arc I) C E. 

x 




^ ^ ipobti^nd equal angles at tlie centre in circles <jf the 

^aaiWe tRuIUh^; m if the arc* A B is equ^ to the arc D E, theungle 
to die angl^nC E. 


THEOREM I. 

^ if a Um C D meet another Une A £, the angles ADC and C D B 
are together equal to tmo right angles, 

0 

JDssciubb from D the semicircle AECB, and draw ED perpendicular 
to A B : the arc A C is the measure of the angle AiP C, and the arc 
C B is the measure of the angle C D B : (Def. S8.) also the arcs A E 
and £ B, respectively, the measures of the right angles A D E 
and E D B : (Def. 9.) hut the arcs A C and C B are together equal 
to the arcs A E and E B, and consequently the angles ADC and 
C D E are together equal to two right angles. 

Corollary. — ^Hence the whole circumference of a circle described 
from the point D of intersecting lines, being double the semicircle 
A £ B, is the measure pf four right angles. 


THEOREM II. 

I 

J^two right lines A B and C D intersect eaxdi other, the opposite angle* 

CEB and A E D are equal. 


1 



m 




tJpoN £ as a eaotlN^'jbieribe the eifde A C B D : ihe» 
and BED are together equal to two rl^t angles^ 

CEB and BED axe also together equal td'^Wo ri|^t angles ; thefi 
the anglSs A E D and BED together axtf equal to the a&g^4s'C 
and B E Dy and ncms^ttently the angle A E D must he equal to 
angle C E B.--* la 4he same manner it may be demonstrated^ dutt tlte* 
angle A E C must be equal to the angle DEB.* ‘ ' 



dn • 

THEOBEM III 
# 

Jf the right line G F cut other two parallel lines A B and Q D, the 
outward angle G E B equal to the opposite and inward angle E F £. 

Lbt E G be equal to E F, and draw a third line L M through G 
parallel to A B, and upon F and E as centres, with the distance F E or 
£ G, describe the arcs E £ and G B : because F E is equal to E G, 
and is parallel to E B, and G F a straight line, the intercepted arcs 
B G and E K are equal ; (Ax. 2.) consequently the angles G E B 
and E F K are also equal. (Ax. 4.) 

Cor . — The alternate angles A E F and E F K are equal, |br A E F 
IS equal to G E B. (Theor. 2.) 


THEOBEM IV. 


angle ABC and B A C the hase»of antsoceles triangle ate 

equal. 

D 2 


\ 



. ^>lTpovC»t^tliedittaiiceCAorCB, dMc^beih^mdle ADEB, 
O clraw JD £ ^MUfallel to A fi : the Angle A C D is equal 
,lo B A€, and t^ aagle *A B C is eqtial to the angle BCE: 

^ CC4^ 3>) hut the of^ A D is equal to the arc B £» iha D E is 

to A B ; (Ax. £.) ther^re the angles A C D and B C E are 
4.) and the angle A B C is equal to the angle B A C. 


THEOREM V. 


7%e angle C A B aif the centre of a circle^ is double the angle COB 
at tke^ circumference^ standing upon the same arc B C o/* that circum- 
ference. 

Through A draw O F, and draw O £ parallel to A B, the angle 
A B O is equal to B O E, (Cor. Theor. S.) and because the angle A 
B O is equal to A O B, (Theor. 4.) the angle B D E is equal to A 
OB; but the angle F A B is equal to the angle A O E, (Theor 3.) 
consequently the angle FAB is double the angle A O B. — In the 
same manner it may be demonstrated — ^the angle F A C is double the 
angle F O C ; now taking the angle FAC from the angle FAB, 
and the angle F I) C from the angle FOB, the remaining angle 
C A B at the centre is double the remaining angle C O B at the cir- 
cumference. N. B. In applying this demonstration to Fig. 2, instead 
of taking from, add the angle F A C to the angle FAB, and the an- 
gle F O C to the angle FOB, the angle C A B at the centie is dou- 
ble the angle COB, &c. * 

Cor. 1.— Hence tp'J angle at the circumference standing on the diari- 
etsTy or a semicircle, is a right angle ; but if standing upon less than a 





semieirde, is funite» ttoiif upon graaiist) isolitu8e»fi]ir this 
ured by the half of the subtending arc of cilwumacanbaig ^ 

Cor. Angles at the circiunfereu06|in the same 


itanding upon the same arc are equal, ftsrthe half of the same 
the measure of each. / 


(> 


THEOBEM VI. 

The three angles A B C, B O A, and C A B o^ a triangle are equal to 

tno right angles. 

Describe the circumscribing circle, and join the angular points A, 
B, and C to the centre D : the angle B D C is double the angle B A C, 
the angle B D A is double the angle B C A, and the angle A D C is 
double the angle ABC; (Theor. 5.) but the arcs measuring the an- 
gles B D A, B D C, and ADC are together equal to the whole 
circumference, or four right angles ; (Cor. Theor. 1.) consequently the 
angles B A C, B C A, and ABC together are equal to half of the 
circumference, or two right angles. 

Cor. 1 . — Hence triangles having equal sides must be equiangular, and 
in every respect equal, for the half of the arcs intercepted by the corres- 
ponding sides upon the same circumscribing circle, are equal. (Ax. 4.) 

Cor. 2. — Triangles which have two of their sides and the included 
angle equal, are equd to one another ; because the arcs subtending 
the giyen angle upon the same circumscribing circle, arc each equal to 
double the measure of that angle, and consequently the chords or third * 
, sides must be likewise equal. (Ax. 1.) • ^ 

Cor. 3. — ^Also, equiangular triangles* having one correspmiding side 




Me 9 equal, for th« wcs meaininiig th^^oorres- 
4pi|J|d> Ittar equal upcm circles of the same radius. (Ax. 1.) 

"Slnw 
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THEOBEM vn. 


^ rig^t lifUfd trian^e ABC, the greater angle A B C «« oppo- 
site the greater side A C 

*■ 

vf <f 

Dxscribb the circumscribing circle ABC, and join the angular 
points A, B, and C to the centre D ; the angle A D C is double the 
a fig ift ABC, the angle A D B is double thd angle A C B, and the 
angle B D C is double the angle B A C ; (Theor. 5»)’hut the arc A_^C 
is the measure of the angle ADC, and is greater than either of the 
ar^s A B or B C, for A B C is the greater angle ; (Theor. 5. Cor. 1.) 
therefore the chord A C is greater than either of the chords A B or 
B C, (Ax. 3.) and the angle ABC being measured by the lialf of 
ADC, IS consequently greater than either of the angles B A C or 
B C A, and is opposite the greater side A C. 




THEOREM VIII. 

ParaUelograms A C D B, E C D F, and E G H !*♦ standing upon the 
' ' same base C D, or on equal bases CD, G H, and between the same 

* parallels, are equivalent. 

0 

Bboavse C a is pip’allel to "D B, and G E parallel to H F ; A B? 



di ,, 

E F, and C D are equal : also A £ |s eqtudto B F, tlierefia^ 
angles ACE and B D F are equivaleni^s (ThejCHrl'6. Cor. 
each of the triangles ACE and B D F the triangle B K 1^^ 
the remaining trapeziums ABIC and £ I F D are also-UqUlV^' 
To each of the trapeziums ABIC atid £ I F D add the triap] 
C I D, then the parallelog|:mn A B C D is equivalent to the pai 
ogram E B D G, and standing upon the same base C X>. 






V 

THEOKEM IX. 

e 

A triangle ABC is the half of a parallelogram A B C D, when they 
stand upon thus egme hose ^ B, and are between the same paraUels 
A B and C B. 

For A C is equal to B D, and A B to C D, and C B is common 
to the triangles ABC and C I) B, which are therefore equal : but 
the parallelogram A B C D is equivalent to the parallelogram A B 
C D : (Theor. 8.) consequently the triangle A B C is equal to the 
half of the parallelogram A B C D. 

Cor. 1. — Hence every parallelogram is besected by its diagonal. 
Cor. 2. — Trian^es upon the same base, or on equal bases, and of 
the same altitude, are equivalent. 


tAeoeem X. 

t 

I 

s 

The square C A E D described upon the hypothenuse of a right angled 



f 9rumglff ifigmmlettf 0 ike squares A 1 H B C F G B of the 
tm • * • 

\ * ! * 

tibllb sides C D and ^Ipl describe tbe triiuotgles C F D and A 1 
'■Bf -iHlilliDlsv to AB C> by making C F and I F eacb equal 

( and F B and A I cadi efwd to A^B : |arod«i6e A B and F D 

VfOA "dbey meet in G, and also C B mftetitsg 1 F in H ; also draw 
B K i^alM to A I C) and mske B M equal to I H, and L M 
^j^nfalld to A B: then C G is^a square described upon C B, for 
Bie angles B F C, F C B, and C B G are right angles, and C F 
is equal to C B ; also A H is a square upon A B, for the angles H I 
Ay I A B, and ABU are right angles, and A I is equal to A B. 
(Def. 16.) The polygon A Xi M O is equa^ to the square A H, for 
the trapezium A B M B is similar and equivalent td* the trapezium 
A t H 0, and the triangle A B O is common. Again, the triangle 
A K! F is half of the rectangle A F, and is equivalent to A I F or 
ABC, and £ F is equal to A B ; the angle K F N is equal to the 
angle B A C, and the angles E K N and ABO are right angles ; 
therefoie the triangle K F N is similar and equivalent to ABO, 
(Theor. G. Cor. 3.) and the trapezium A L M B and the triangle KEN 
is equivalent to the square A I H B : because B G is parallel to C M, 
D N is parallel to C L, and N G is parallel to I M, the triangle D G 
N and C L M are similar ; but they are also equivalent, for E N is 
equal to A O, which is equal to A L, and D N must be equal to C L : 
(Cor. 3. Theor. 6.) therefore the polygon C B N I) and the trian- 
gles A K F and C L M are equivalent to the square C G, for tlie 
^ triangle A K F is equal to C F D, and G L M is equal to P N G, 
and consequently the polygon C B N B, knd the trapezium A L M B, 
together with the triangles A K F, E K N, and C L M are equivalent to * 
<lte nqaare A C B E, or to the squares A I H B and C B G F together. 
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THEOBEM Xt . 

If a right Hite AIR be divided into any fmo AC, C B, then fdd$ 
the square of the whole line ATRbe equal so the sum of the squares ef 
the pa/rts A G aad C B, together mi^ tttice the rectangle of the peats* 

Upon A B construct the square A B D B, and make fi G equal to 
A C, and draw C H paralM to B D, and G I parallel to £ 1) : because 
A F is to the square AC, and F D is to the square of C B, and C G 
and 1 H are each equal to the rectangle of A C and C B : — the squares 
A F and F D together, with*the rectangles 1 H and C G, make up 
the square A D. 


THEOKEM XII. 

If a straight line A B touches a circle^ the straight line C D drawn from 
the centre to the point of contact shall be perpendicular to the line 
touching the circle. 

Through the centre C draw E F parallel to A B, and from £ and 
F draw F A and F B perpendicular to E F or A B — because E F and 
A B are parallel, E A and F B are equal, (Def. 6.) and are the shortest 
lines which can possibly be drawn from the points E and F to A B : 
but A B touches the circumference only at the point D, therefore D 
is the nearest point of A B to the centre C ; and C U, which is equal 
to the radius, must be also the shortest line which can be drawn from 
C to the line A B : consequently C D is equal* to £ A or JF B, and is 
Jik'^wise a perpendicular to A B. 




E 



tAeobem xm. 

If a sfyaigki lute £ F fouckei a csrde, and from iheptnn^ ofcbntact B 

a siraight line B D drinm cutting the circle, the angle DBF made 

bff this line with the Une £ F^ shall be equal to the angle B \A. D m 

the alternate segmnt of the cMe, ' 

< 

Draw the diameter B A, and join D A ; the angles B D A and 
A B F are right angles, therefore €he angles BAD and A £ D are 
together equal to a right angle : (l^eor. 6.) but the angles A B D 
and D B F are also equal to a right an^e, (Theor. 1^.) consequently 
the angles BAD and< A B D are equal to the angles DBF and 
A B D. Take the angle A B D from each, and B A D is equal to 
the angle D B F. — In like manner it may be demonstrated, that the an> 
gle C B F is equal to the angle B A C, and generally D B F is equal 
to the angles BAD or B G D, and C B F is equal to the angle 
B A C or B H C. (Theor. 5. Cor. 6.) 


THEOREM XIV. 

Jf tiro right lines A B and C D intersect each other in a circle, the ha^ 
of the sum of the intercepted arcs A D and C B measure the anale 
C E A or B E D. 

Draw D B ; the angles A E D and DEB are equal to t’vo right 
angles, and the angles DEB, E B D, and £ D B are also equal to 
two right angles ; (Th'eor. 6.) therefore by taking the angle DEB 
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6eom each, the«ii]g^e A£ D is equal to the lildigleB £ B D and Sf'll B : 
hut the angle £ D B is measured by the Ibalf of the arc C Bf and £ 
B D by the half of the arc A D ; (The<|i&. 5. Cor. S.) consequently 
the angle A £ D is measured by half the aS^ C B, together with half 
the arc A D. 


II I 

1 

PROPORTION. 

EXPLANATION OF SIGNS. 

a 

+ Plvs^ signifies the addition of the quantities between which it 
stands, as A+By that is, B is to be added to A. 

^ — Minus, signifies that the quantities before which it stands are to 
be subtracted, as A — B, that is, B is to be subtracted from A. 

X Into, signifies that the quantities between which it stands are 
to be multiplied together, as AxB, is A multiplied by B, and is put 
in the form A B when each letter expresses a quantity. 

-r- Divided hy, signifies that the former is to be divided by the lat> 
ter, as A-r-B, that is, A is to be divided bjj B. Sometimes the divi- 
sion of quantities is also expressed by placing the divisor below the 

A 

dividend, as jg’ 

= Equal to, signifies that the quantities between which it is placed 
are equal to each other, as A=B, that is, A is equal to B. 

Thi<f sign, called a vinculum, when placed over quantities, sig- 
nifies that they are to be taken collecth ely, as A+B+C xE, that is. 
*tlie sum of A, B, and C is to be multiplied by E. * 

B S 
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The sflHiU i^g9r$ \ \ ^ &c, annexed tb quantitMI» eignify* that 
the qiuuidty ie to he that number of tinieB by itself; as, 

A^szAnAt end is called the square of that quantity, or second power, 
A^szAxAxAf and is callqi the cube, or third power, and A*:=Ax 
AxAxAf the biquadrate, or fourth power. 

The signs {/, pieced before any quantity, as ^^A, sig- 

nify that the operation of extracting the root of that power is to be 
performed, as v^A^A, or {/S?=sA» foe. 

DEFINITIONS. 


1. If magnitudes or quantities be referred to one common standard 
of measure, the comparison of their respective values is called the ratio 
of these magnitudes. Thus if A is found to equfll 5, and B=10, the 
ratio of A to B is as 5 is to 10. 

S. If one quantity contain another any number of times, the first 
is called a multiple of the second. Thus B=10 is a multiple of A=5. 

S. The first term of a ratio is called the antecedent^ and the second 
the consequent ; as in the ratio of A to B, A is the antecedent, and B 
the consequent. The ordinary expression for the ratio of two quanti- 
ties, is made by setting t^e antecedent above the consequent, as 


4. The multiple of a ratio is the product of each of the terms by the 
A . . AxC 

same quantity ; as multiplied by C will stand The product 


of the antecedent becomes a new antecedent, and the product of the 
consequent a new consequent, having the same ratio to each other ; 
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5. Ratio of eque^&iy ii%iien the antecedent it^aal to the eosifle^^nt. 

6. Four quantities are said to be propor^iSimait which, when comjpMMMi' * 
two and two, are found to have the same » 4 |i|ios ; as in the quaittlstieM 
A, B, C, D ; A is to B, as C to D, and A ii to C, as B to D, or the^ < 

A_C „^A^B 

ratio and 

C : D, or A : C : : B : P. 

second term is consequent to the first, the fourth a consequent 
to the third; and the second aUemate^ because the third term |s 
consequent to the first and the^ fourth a consequent to the second. 


nnd Jthe proportion is thus expressed ; A : B : r 
The first p>t>F<»l^n is called direct^ for the* 


THEOREM XV. 

When fovr quantities a, b, c, d are proportional, the product of the ex- 
treme a and d is equal to the product of the means h and c. 


If o : 5 : : c : d, then % a*id y= also £= therefore = 

h d b bxd a dxb bxd * 

• • • • 

(Pef. 4.) this ratio put again in the first form, is axd : bxd : : cx6 : 

dxb. Hence since the consequents are equal, the antecedents are e* 
qual, and axd~cxb. 

Cor. 1*. — If the first term be to the second as the second to the 

e 

third, that is, as a : 6 : : & : c, the rectangle of the extreme is equal to 
the square of the mean, or a c=h*. * 



58 


CV. two rmangles are equal, their sides are reciprocally 

pr<q>ortioiial s if the rectangle x is equal to the rectangle s, then a 
tdf md (tuciidib. 




TBEOBEM XVL 

* 

I» uny jplam triangle ABC# the adjoining tides A B, AC, are cut 
proportionally by a line D £ drafon parallel to the other side B C / 
that w, A D : D B : : A E : E C. 

Through A draw b a parallel, and B b and C a perpendicular to 
B C. Bisect b A and A a in p and r, and draiW|> ^ and r s parallel 
to B 6 or C o, and join d c . — Because p A is equal to B and A >)* 
equal to s C, the triangle A d p ie similar and equal to the triangle 
Hdq, and the triangle A c r is similar and equal to the triangle C c s. 
(Tlicor. G. Cor. G.) Hence Ad is equal to B d, Ac is equal to e C, 
p d is equal to d gr, and r c is equal to c 5 ; consequently p d is also 
equal to ;• c, and d c is parallel to B C : but D E is parallel to d c; there- 
fore in like manner it may be demonstrated, that like parts are cut off* 
£*0111 A d and A r by the parallel D K, and A X) : D B : : E : E C. 

Cor. 1. — Hence, when the sides A B, A C of a triangle aie cut 
proportionally in D and E, the segments AD, A E, and D B, EC 
of those sides are proportional to the sides ; and the line D E joining 
those sections, is parallel to the other side B C. 

Cor. 2.— In equiangular triangles, as A D E, A B C, the, sides ad- 
jacent to the equal angles are proportional, and also the sides oppo- 
site the equal angles arc proportional. 



iTHEOREM xvn: 


In a right angled triangle^ if a pefpendicidiHr A D drawn frem ^ 
right angle B AC t» the base B*fX the Itfmgles on each aide of 
are similar to tAe mhok triangle, md to another. 


Because the angles A D B and B A C ai'e botli right angles ; the 
angle A B 1) is common to the triangles B A C and A B D, whiuh 
therefore have the remaining angles BAD and B C A equal, (The- 
or. 6.) and the triangles B A C and A B D are equiangular.-!— In like 
manner it may be demonstrated — ^the triangle A C D is similar to the 
triangle BAG, and consequently the trihngles A B D, A D C, and 
BAG are similar* 

Cor , — Hence BD:AD::AD:DG, or the perpendicular A D ib 
\i mean proportional to the segments upon the base B D and D G ; 
£md B DxD G=A D*. (Theor. 15. Gor. 1.) 


THEOREM XVIll. 

’ Ff two chords A B and G D intersect each other within a circle or with- 
out itf by being produced, the rectangle under the segments made by 
their intersection, and terminated by the circumference, are equal ; that 
is, B E xE A=D E xE C* 

Join B G and D A ; because the angle D E A and BEG are equal, 
. (Theor. 2.) and the angle C B A and G D A are also equal, the trian- 
gle BEG is similar to the triangle D £ A ; (Theor. 5. Gor! 2,) there- 
fore AE;GE;-.DE;BE, o;:BE>cA E=D Ex G E. .(Theor. 15.) 




L^ABITHMS: 

* \ 



ILOGrAHITHl^S are a of artificial tifimbersy arrang^ed in tables^ 
|)ecu^arly adapted to facilitate tbe enumeration of natural numbers. 
Their properties are such, tSiat the sum of the Logarithms correspond- 
ing to any two or more natural numbers, answjnra to the Logarithm 
of their product. The Logarithm of every numhcrr ia expressed by one 
of the indices 0, 1, S, 3, 4, 5, &c. with decimals annexed to each index * 
as the Log. of 1 is 0.0000000, of 10 is 1.0000000, of 100 is 2.0000000, 
of 1000 is 8.0000000, &c. Hence it appears, that the indices of the 
Logarithms form a series in Arithmetical progression, or have a com- 
mon difference in each term, and the natural numbers answering to 
this series are in Geometrical progression, or every term is a certain 
multiple of the preceding one. In the following system of Logar- 
ithms, the numbers corresponding to every different integer of the indi-* 
ces are each a power of 10 ; for example, the Log. index 2 answers to 
100=10®, and 3 answers to 1000=10®, &c. but if this series was chang- 
ed by assuming the power of any other number corresponding to the 
same indices, another system of Log. would be formed, having the 
same peculiar properties as the above : for instance, if we had assum- 
ed the Geometrical series of numbers to be the powers of 8, then 
' every different index of the^Log. would correspond to a different po\,- 
' #rof 3 ; as the Log. index 1 would in this system answer to 8, and the 
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if 

index S to $4=8% and 8 to S1S=8% &c. so tlMSt as any number may' 
be taken in place df 10^ there may be an number of di^retit 

systems of Log^arithms. * f* 

Since in the ikSixmbig^ syAtem 0 is ther I)ei|||ptnrithm of 1, 1 of 10, 
S of 100, and 8 of 1000, 41^ Logarithms of 'ibbe numbers lying between 
1 and 10 must be each greater lhan 0, and*1|||ps than 1, therefore the 
Logarithm of these are expressed by decimiii of 1 ; as. 

^o. LogmUhms. 

8 — 0.8010300 

3. — . — 0.477121 S 

4 1 0.6080600 

5 — ; 0.6989700 

6 — ' 0.7781513 

7 0.8450980 

> 8 0.9080900 

‘ 9^ 0.9542425 

The same may be shown of the Logarithms of numbers between 10 
and 100, or between 100 and 1000 ; for those between 10 and 100 
must be each greater than 1 and less than 2, and between 100 and 
1000 each is greater than 2 and less than 8 ; as, 


Logarithms, 

-1.3010300 

-1.4771213 

-1.6020600 

-1.6989700 

-1.7781513 

-1.8450980 

-1.9030900 * 

-1.9542425 


No. Logarithms. 

200 2.3010300 

300 2.4771213 

400 ^2.6020600 

500 ^2.6989700 

600 ^2.7781513 

700 ^2.8450980 

800l 2.9030900 

900—12.9542425* 


Nott — To those who wish to understand thoroughly the construction of Logantbms, 
1 recommend for their perusal the Introduction to Hutton's Logarithmic Tables. 


F 



MXrVANATIOS OF TdmUB OT. 


Tii« first or Ullk-lurtipjl^vmirof the first page, which is marked 
OQipitaiiis the natural nultaS^srrs from 1 to 100, and in the second colamn, 
■uqeiced L. are the coi^^pipfinding lx>garHlizi]a to each numbeor. 

The second, and lemainipg pages of thip Table, are divided 

into eleven columns, the Jbrst of which is, as before, marked con- 
taining all the Numbers from 100 to iOOO, end the rem..ining ten, 
marked 0, 1, 2, 8, 4, 5, 6, 7, 8, 9, .contain the corresponding Logar- 
ithms of all the numbers from 100 to* 10,000. 

The indices arc not printed with any of the Logarithms, except 
those Numbers from 1 to 100, but the mdcx of each must always be 
prefixed when used ; it being understood, th*»t ♦^he index 2 is to be 
put before the Tabular Logarithm for aP numbers from 100 to lOOC, 
and 8 from 1000 to 10,000, and so on, making the index always- 
one less than the number of integer figures n the Number for which 
the Logarithm is taken. Also in the same columns the first figure 
after the index being the same for several lines, is not repeated except 
in column 0, when it changes, but which, likewise, must be always 
prefixed to the other figures— thus making every Logarithm of this 
Table to contain seven places besides the index. 

There being a difference between the Logarithm of every different 
number, the parts of these differences are proportioned for every inte- 
ger from 1 to 10; they are arranged under the Logarithms of each 
page, to which they respectively belong, and titled proportional 
PARTS. This Table has a column N. containing the Numbers, and 
another D. of the corresponding Differences ; but the particular use of 
it will bef better explained jn the following examples. 



£mnpk»JorjMng the Logarithm ofoafty ^ven Number* 

« 

4 » 

Ex» l^The Logirithms of «11 flie NTnal»ii| of two places, that is»< 
from 1 to 100, are &miid in the firk page dr the Table, in the 
lumn L. ; thus if that of 10 is wanted, the XiOgarithm opposite that 
T^umber, viz. 1.2041200, is the one requirdi|^^, 

Ex. 2.'i— To find the Logarithm of a numbd!' tJf three places, as 165, 
Find in rbe colamn N. the No. 165, and ^Opposite, in column 0, is 
.Cl 74839, to which prefix *hc index 2, and 2,2174839 is the Logar- 
it bn. j-equired. 

b 2 . 3. — To find the Logarithm of a number of four places, as 2768. 
Fmd the Li ret first figurt N 276, in column N. and in column 
8 the name of tlit* fomth lig,.n* js .4'*'Cl66l, to which prefix the in- 
dex 3, and 3.442 lb6l is the Logarithm required. 

' Ex. 4. — ^To find the Log. of a r* .iiubcr of five places, as 13458. Find, 
by Ex. 3, the Logarithm of the first foui figures, viz. 1345 — 1287223, 
and subtract this Logaru* m from the nex^ highest, viz. .1290451, 
and the difference will be 3228 ; then take 8 tenths of this difierence, 
or the tenth part of it multiplied by the fifth figure of the given Num- 
ber, which add to the Logarithm found, as .1287223+2582=. 1289805, 
to which prefix the index 4, and 4.1289805 is the Logarithm required. 
Instead of subtracting the whole Logarithms from each other for find- 
ing the difference, subtract only the last figure of the lower from the 
last of the higher, and the remainder is the fourth figure of the diffe- 
rence; and in the column N. of “the Proportional Parts, find the first 
figures of the given number, or the nearest number to them, and in 
the same line in column D. is the three first figures, which prefixed 
. jto the fourth, gives the whole Tabular Difference : as for example, the 
subtracted last figures of the Logarithms of 1345 and 1^46 is 8 
and opposite 1347 in column J). of Proportional Parts is - S22 

making 


3228 



** 


tbenmeasWon. the (ante nuuuur th* taJmlw dtAcenoe of any 
two XiOgaritJinis may always readily be Ibund by inspection. 

JSx» find the fjog^arithm of siX) sereny e pd eight plaoes. 

Fijrst, for six figurdli ur }5^R896. By the last example find the 
Logarithm of the first fit^ ISgures, via. 15489> adiich is .188619S, then 
in the column N. of Table of Froportioiud Parts, find the same 
number, or the next loaM^ and in the saasa line take out the propor- 
tional part 169 in the coi^,n of the six^^figurea This added to the 
Logarithm found, as .18d6l02+l69=:5.1886fi6l, is the Logarithm 
required. 

Second, for seven figures, or 15489iS4. As above find the Logar- 
ithm for the first five figures, viz. 15439, and the Proportional Parts 
for 6 the sixth figure, and £ar 4 the seventh ; of which add to the 
Logarithm found the whole fin: the sixth Proportional Part, and the 
tenth for the seventh : as, 

15439 the Logarithm of is - - 1886191.6 
Pro. Part for - - - - - 169 

Pro. Part for _ 4 - - - - . n.g 

1543964 6.1886373. 

the Logarithm required. 

Third, for eight figures, or 15439647. The same operation as be- 
fore is to be performed for finding the Logarithm of seven figures, and 
add the hundredth of the Proportional Part for the eighth figure : as 



15439 the Logarithm of is 

.1886191.6 

Fro. Part for 

6 - - - 

169 

Do. for 

4 - - - 

11.2 

Do. for 

7 - - - 

- a.9': 


16439647 

7.1886373.77 


When it happens that ’the remainder or first figure cut off to the right 





hand of the sum of the Logarithm after lini Propcortional lEhoi^iKte 
added, is above 5, the last figure of the jLc^|[arithm is to be inr|HijH(Cilit 
by unity-; as in the last example, ^.1886S7iH%^ 'vnll become 7*188687^ 
The Logarithms ^ Decimal iN^uInbers ssal'iband in the same man* 
ner as the preceding exAmples, by considering the Decimals as a 
whole number : but prfiifixing the value o£ jl^ index according to the 
number ci figures in the givm integral od|(^ as for example. 


JVo. Decimah, 
1.5489647 
15.489647 
154.89647 
1543.9647 
15489.647* 
154896.47 
1548964.7 


4 Logarithms. 
0.1886374 

1.1886874 

2.1886374 

3.1886874 

4.1886374 

5.1886374 

6.1886874 


In the case where the number for which the Logarithm is wanted 
IS wholly a Debimal, the index of such becomes negative, and is mark- 
ed by the sign ruinus over it. If there is no cypher between the first 
significant integer and the decimal point, the index is T, and if one 
cypher it is 2, and if two cyphers it is 3, &c. it being a general rule 
to make the index for Decimals one more than the number of cyphers 
between the first significant figure and the decimal point ; as, 
Decimals. Logarithms. 


.15439647 
.015439647 
.0015439647 
. .00015439647 
.000015439647 
0000015439647 


2-1886374 
2^1886374 
■ 3 . 1886374 
■ 4 . 1886374 
■ 5 . 1886374 
“ '6.1886374 



jSje. 6.«<-To Had tlie l^ogioitlkm of a hwedim, or a mixed number, 
M ^ Bedmse tbe Tidgaif to a decimal, and find its Logar- 


itbia bjr tbe preceding 
Logarillim of tbe deno! 
ai^ tbe remainder will be 



8 for ^ole numbers ; or subtract tbe 
firom the XtOgarifibm of the numerator. 
Logarithm wanted ; as, ^9,1S5 Log- 


afidim of is 0.4948500, was requited : or. 

From the Logap^^bun of ^Ois ' 1.698970 


Subtract the Lo|^. of 16 


1.S04120 


0.494850 

1^^ VeSgar Fraction be subjoined tQ a whole number, the whole 
expression be reduced to a fraction, and the Lt^^thm of it 
thence found as above ; as 17f ; or the fraction may be transformed 

into a decimal, and the Logarithm of the whole finmd as a decimal 
number; as 17f=17.6: for. 

From the Logarithm of ^ ■ ■■■■■ 1.9444827 

Subtract the Logar. of 5 0.6989700 

1.2455127 

is the Logarithm of 17f. Also, the Logarithm of 17.6=17f is 
1.2455127. 


To find the Natural Number answering to any given Logarithm. 

Find the first three figures of the given Logarithm after the index, 
or the three next lowest in column 0, and in the same line seek the 
given Logarithm, or the next lowest to it, and the number opposite 
in column K*., are the three first figures of the number sought, and the 
number at the top of the column in which the given Logarithm, or its 
nearest is found, is the fourth. 

IS the index of the given Logarithm is 0, 1, or 2, the four figure's* 



thus found, dechnal, as thuintil^ number must bdnutirk- 

ed off upon the left, according to the index t jlpit if the index is 8, th aa o 
will be a whdte number'* Ifthe given Logaritl|l||imnnot be exactly . 

subtract the next lowest from it, and diTiddjipe difference bjr the tenth 
parth of the Tdbnlar Diflhrence, (£x. 4.) ahd the quotient will be the 
fifth figure of the number sought. Again, jpi^ere be a second remain- 
der, seek the fixe figures already found, or ^ nearest number to them 
in column of Proportional Farts, and same litle, seek also 

the number of the remainder, and the figure at the top of the column 
in which it is found is the sixth figure f but if this remainder is not 
exactly found, subtract the next PropmHdonal Pari from it, uiid this 
third remainder, by annexing a cypher, becomes a number, by which, 
in like manner, the seventh figure may be found ; and if the fourth 
remainder cannot be exactly found in die same line, subtract the next 
lowest part from it, and by adding a cypher to the remainder, it be- 
comes also a number, by which the eighth figure is found : as 

7.— To find the natural number answering to the Logarithm, 

7.1886S74 

Next lowest Logarithm of 1563 1883669 


First Bemainder 2715 

which divided by the Tabular Difference, as 281.4)2715.0(9 the fifth 
figure of the number sought. 25326 

Second Remainder 182.4 

6 the first Proportional Part 169 

Third Bemainder 134 

4 the second Proportional Part 112 

Fourth Bemainder Q20 

7 the thir<l Proportional Part 197 


• Hence the Natural Number found fey the 'Logarithm* 7. 1886374 



40 

when togeUitt it ll^iw647. The thi et' ktt figuttsmay be found 
Oftherwlte thiu ; afUsr fin^g the firat fi-ee £^(iirei at ahote, find the Ta- 
baler djlSbieiioe antweriall to them, (Ex. 4.) and divide the teoond re- 
jnajindier by it.*— -Contiill^ Cboe diVition by adding cyphett, as far at 
fibe index of the Logarithin requires it to be made, and (|i6 quotient 
will be the figures soug|||l$ at 

(647 the tame as before. 

^ 1686 
1540 
1184 . 

«160 

1967 




ARITHMETIC BY LOGARITHMS. 

I. MULTIPLICATION. 

Add together the Logarithms of all the factors, and the sum is the 
Logarithm of their product. 

If the indices are all positive, add to them the number carried from 
the decimal addition, and the sum is the index of the Logarithmic 
product : but if both positive and negative, the number carried from 
the decimal Addition is to be added to the positive indices, and the 
difference of the positive and negative to be put down for the index 
ef ^e Loj^arithmic product with the sign of the greatest. 



*4X1 


Ex. 8.-— Multiply S6.04 by 6.8Sd. ‘ Eie,^ JMt.-— Multij^y iMBi 

The Log. of S6.04 is 1.4156410 .062 waA .002 together. < . ^ 

of 6.825 18 0. 8010605 2.86 of i& - 0.872912#. 

Product 164.708 - 2.2167015 *2.48 .. . - ■ . 0*8944511^ ** 

.Far. g.—Multiply 2.608, 678.4 .062 j-p - 217928917 

and .2688 together. . ‘ .002 - &8010800 

2.603 Log, of is - 0.4154742 Prodtict jboot2574 t.8607854, 

678.4 - ^8282781 .Ear. 11.— Mult. 32684 by 67824. 

.02638 - 2.4212748 32684 Log. of is - 4.5143352 

Product 46.24045 - 1.6650221 67824 - 4.8281699 

|Prodtt0t 2200417610 9.3425051 

It is necessary to observe, that the number answering to any giv- 
en Logarithm found by Table 1. is true to eight or nine hgures, but 
cannot be depetidbd on farther ; for, by the last example, the true 
' product is 2200417616, so that in this case it is true to the ninth 
figure. Tables which would give correct answers to more figures, 
would require the Logarithmic decimal extended to a greater num> 
her of places, and hence would be much more voluminous than this 

il. DIVISION. 

From the l^ogarithmic decimal of the dividend subtract the Logar« 
ithmic decimal of the divisor— the remainder will be the Logarithmic 
decimal of the quotient. 

But change the sign of the index of the divisor from plus to minus, 
or from minus to plus, and flie sum of the indices of the same sign, 
or the difference when of different signs with the sign of the greater, 
is to be set down for the index of the Logarithm of the quotient*- 

G 



fjOUf i*>* rnt^yj ii*i i«^»w ilM> decoHl, aU it to 

Ia4ex iif «ib« dbiadv wlmt Aat Index is jlus, bulanbiMUii 1ft when 
«|A the-indeK thiu^ti^Nittd ist t6 be dHuagedaa be&irc; 

JKe. Sft>^I>i<nde 186am iiOa ? 1 ^L-^Divide 86.^29 by a*467. 

1908 Lag. of is Blvia SaSSXog. of is 1.4507109 

j0|sM2 1808 % | yil9a Bivis. 844.07 8.5874085 

£.09^ . . i|pS706 .08179044 - ^9188074 

Ma 18.-— Binde a468b|^6984. ^ 15.-^Bivide .6888 by 884.6 

8408 Log. of is d.5^Wl Bivid. .0^ Log. of is 1:8889754 

Bivis. 6984 8.8408571 Bivis. 834.6 8.4708880 

.5 . . T.6900700 .008915 - - ^4636474 

Here the Logsnrithin of tlM di- In this lest example^ by change 
visor is positive, and 1 carried iftota ing the positive index of the divi- 
the decimal being added to its ii^ sor to negative, it becomes of the 
dex, and then changed to the n^- same sign of the dividend, or both 
atWe, the difTerence between the negative, and the sum is a 
m^ees becomes 1. 

III. PROPORTION, 

Add the Logarithms of the second and third terms together, and 
from the siun subtract the Logarithm <rf tlje first by the rules of the 
preceding examples — ^the remainder will be the Log. of the 4th term. 

Ex, 16. — Find a fourth propor- Ex. 17. — Find a fourth propor- 

tional to 86.88, 8.648, and 488.6. tional to 8.46, 0.83, and 1.35. 

As 86.88 Log. of 1.5601458 As 8.46 Log. of 0.3909361 

is to 3.648 - 0.5620548 is to 0.28 - 1.8617270 

so is 488.6,, - 8.6869560 so is 1.35 - 0.130SS38 

8.1890108 L4^0608 

^ the4th term 48647 — 1 .6288660 1 4th term 1 .2621 TTlOl 1 257 



. M 

Instead of eubtvacting tine Logati^t^Atlie firat teriaiy 
metical complement of it may lie added# the snm, after 
ing 10 ftom the index, is the Logantlam^'!^ the ftnrth term* 
Arithmetical Cm^aiement of any IjQgaritli|R& found by gixbtractiii^|l|^, , 
from 10.-— £^nqe >^the 16th and 17th exAH^es will stand. ' 

As S6.S2 Arith Comp. 8.4)398542 ABlki4ji,Arith. Comp. 10.6(%N)649' 
is to 3.648 Log. of is 0A6S0548 istoOPlLcg. of is 1.3617270 

so is 428.6—— 2.6269560 eoisLf5 0.1308388 

to the 4th term 42.547— 1.6288630) 4th Wn - - 0.1011257 

The easiest method of findinj g the arithmetical complement is to 
begin at the left hand, and Subtract each figure from 9, except the 
last significant figure upon the right, adiich must be subtracted from 
10 ; but when the indent is negative, add it to 9, and subtract the rest 
as before. 


IV. INVOLUTION. 

Multiply the Logarithm of the given number by the index of the 
power to be raised, and the product is the Logarithm of the power 
required. ^ 

If the index of the Lf^rithm of the given number happens to be 
negative, the product wiU be also negative ; but the number carried 
from the Logarithm decimal to the index is positive, so that the dif- 
ference will be the index of the Logarithm product, and to be set 
down with the sign of the greater. 

a 

a 

G 2 



r 




J?«r. 18.-*>»Fmd tKe sqli^ dr 2d 

power of 26.23. 

26.23 3Log. df is - 1.4137983 

index of the power - . 2 * 

power 688.0129 - 'Simsgm 

JSs. 19.-~To find the qphe or Sd 
power of .123. 

.123 Log. of is ^ l.d399051 

index of the power - 3 

power .001860867 “3.2697153 


JSx, 20.-~>Find the bi^uadrate, 
or 4th power of .26. 

.26 Log. of is - “1.4149733 

index of the power - 4 

power .00466976 - 3.6698932 

JEs. 21.-.^Find the 16th power 
of .0012. 

.0012 Log. of is - 3.0791812 

index of the power - 16 

4750872 

0791812 


product of the Log. Dec. 1 .2668992 
product of the index 48. 

.OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ) 47.2668992 
0184884 the power required. } 

In the 20th example, after multiplying the Logarithmic Decimal 
by 4, there is one to carry to the index ; but the index being here 
negative, the difference of the number carried, which is positive, and 
the product of Logarithmic index, and index of the power, is set down 
for the Logarithmic index of the power sought, with the sign minus, 
which is the sign of the greater. 

In such cases as example 21st, in which it is necessary to put down 
the whole operation of multiplication, the figures of this product 
which are cut off to the right hand are the same number of Decimals 
as in the Logarithm, and the figure or figures upon the left of the 
point, are those which are to be carried to the index, and managed 


as shown above. 





'S3 

evolution: 

AS 

Divide the Logarithm of the pgwer hy index of the root, and 
the quotient wall be the Logarithm requhrolbf 

Ex. SS.— -Find the square root Ex^ 8S.— -Find the cube root of 
of 688.0129. .ooisafeer., 

688.0129 Log. of is 2.8376966 .001860667 Log. of is 3.2697163 
which divided by 2, the which divided by 3, the 

index of the power, the index of the power, the 

quotient is - 1.4187983 quotient is - 1.0899061 

and the number corresponding to and the number answering is .123, 
this is 26.23, the root required. the root sought. 

When the index happens to be negative, and the index of the Log- 
arithm of the given number cannot be exactly divided by it, add one 
or more to the Logarithmic index, by which an exact quotient may 
be formed, and carry the same number as ten to the decimal places 
when dividing the rest, and the quotient is the Logarithm of the 
root : as. 

Ex. 24. — Find the 16th root of .0012, which is the root required. 
.000000000000000000000000000 In this example, by adding 1 to 
0000000000000000000184884, the index, the first figure of the 
the Log. of which is 47.2668992 quotient is 3, and carrying the 1 
to the index of which as 10 to the decimal the other 

add 1, and divide by part of the quotient becomes 

16, the quotient is 3.0791812 .0791812 as above, 
the number answering to this is 
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LOGARITHMS OF NUMBERS. 


S'xom 1 to 10,000. 


Niun. 

Log- 

iiruin. 

Log. 

Nutn. 

Log. 

1 

O 0000000 


34 

I.6S14789 > 1 

67 

1.8260748 

8 

0.3010300 


35 

15440680 


69 

l.a325089 

S 

0.4771813 


36 

1.55630S5 


o9 

1 8388491 

4 

0 6080600 


37 

1 5688017 


70 

1.8450980 

a 

0.6999700 


39 

1 5797936 



1 8512583 

6 

0.7791613 


39 

1 5910648 


i 

1 5573325 

7 

ae4Aooeo 


40 

1.6090600 


73 

1 ‘"'^33229 


0 9030900 


41 

1 6127839 


74 

1 8692317 

9 

0.9548485 


48 

1 6832493 


•VS 

1.8750618 

10 

10000000 


43 

1 6334685 


76 

1 8808136 

11 

10413987 


44 

1 6434587 


77 

18864907 

1* 

1.0791919 


45 

1 6538185 


78 

1 8920946 

13 

IJ 139434 


46 

1.6627579 


79 

1 8976271 

14 

1 1461880 


47 

1.6720979 


80 

1 9030900 

15 

1.1760913 


48 

1 6912412 


81 

1 9084850 

16 

1,8041800 


49 

1 6901961 


82 

1 9138139 

17 

1.8304489 


50 

1 6989700 


83 

1 9190781 

13 

1 8558725 


51 

1 7075702 


84 

1 0242793 


1 8787536 


58 

1 7160033 


85 

1 9294189 

80 

1.3010800 1 


53 

1'7848759 


86 

1 9344985 

81 

13888193 


54 

1*7^83938 



1 9395193 

88 

13484887 I 


55 

1 740368t 


88 

1 9144827 

83 

1 3617278 


56 

1 7481880 


89 

» 1 9193900 

84 

13808112 


57 

1 7558749 


90 

1 1 9542 1'85 

85 

1 3979400 


58 

1 7634880 


<)1 

' 1 9590414 

86 

1 4149733 


59 

17708580 



1 1 9637878 

87 

1*4313638 


60 

1.7781513 



1 9684829 


1.4471580 


61 

1.7853898 


94 

1 9731279 

89 

1 4683980 


68 

17983987 


95 

1 9777236 

SO 

1 4771813 


63 

1 7993405 


96 

1 98227*8 

SI 

1.4913617 


64 

18061800 


97 

1.9867717 

38 

1.5051500 


65 

1 8189134 


98 

1 9912261 

33 

1.5185139 


66 1 

18195439 

' ... 

99 

1.9956358 
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• I 

LANDSURVEYtNG. 


1 . THE chief purposes of Measuring Land is to find the Superficial 
Contenti or Area, of any given extent, as comprising a portion of the 
Surface of the Earth, and' to delineate a plan of its figure upon the 
same plane *. 

i2. The means usually employed for taking the dimensions of Land, 
is either by using the measuring chain only, or by using the chain 
with an angular instrument. The first of these methods of which we 
are immediately to treat, is the application of Practical Geometry, and 
the second is that of Trigonometry. 

OP MEASURING A STRAIGHT LINE. 

8. To find the true distance between two given points, upon 
the surface of the earth is yet a desideratum in the art of measuring, 
as the best measurements of this kind which have been made, are al- 
lowed only to be approximations to the truth ; but as the difference 
* 

• *' The plane of the horizon is here to he understood ; as this, and the Spherical Sur- 
face have almost no sensible difference upon the extent of the laigest Estate. . 

* N 



in tome eases have %eaii so very small, that in regard to all prac- 
tical uses, and even 'Ibv the establishment of theory, these justly 
may be considered pcarfect* As tin instance of this, the base line 
used in the survey of atieridionad arc of England begun in 1784, 
was at that time meosvKred with glass rods, and after the corrections 
for variation of tem|pelrature, &c. was found to be S7404.01 feet in 
length ; and in I 79 I 4 i^e same line was again measured with a Steel 
Chain made by Eamsden, was found after making the same correc- 
tions, to be 27404.32 fhet ; the difference of these measurements being 
only 2.82 inches in 5.228 English miles. However, in the practice of 
Landsurveying, such accuracy seems never to have been made in any 
case whatever, whether the obstacles to this may have arisen from the 
want either of science in the practitioners, or the use of proper instru- 
ment*^. 

4. As the chain is the instrument used for directly measuring dis- 
tances between given objects ; it is always necessary to compare it 
before using uith a true standard of feet, a measure which should 
he provided from a respectable instrument maker. A good me- 
thod of ascertaining the length of the chain, or rather the difference 
it may lia\e from the statute length, which wo shall here denominate 
the chain error, is first with the stsRidard to mark out the statufc 
length upon the base of some building, pavement, or other immovea- 
ble place whereupon tlie chain can be fairly stretched ; so that if 
there be any difterence, this will appear plus or minus of the Statute 
length. After this verification of the chain, it may then be carried to 
any other place, hut before commencing the intended measurements, 
mark ther^ also its length upon another fixed place, to vhich during 



the survey it ean l)e at any time appliadt ani thb as$f tat* 

riations fnnn ufiug aftcnvacdla^ will far 

* 

5. Tiu diain eommonly used in taisnig tinr dSppeiisions of land) coii«> 
sists of one bundled links, each of which iff jicd^ttacl: to the ne^tby three 
rings that are always included in the length c(f dfttry link, and the whole 
is made of iron wire, excepting the brass cooAteivhhng at evexy tenth, 
^Besides the chain, a rod called an offset-staff^ equal in length to ten 
links, and divided accordingly, is used for nkeasuring short distances. 
The length of the ^English statute chain is 66 feet, and the Scots 
chain is 74iV feet, so that each link of the English chain contains 
7.92 inches, and the same of the Scots chain 8.88 inches. 

6. The distance which is to he measured should be marked out with 
picquet staffs or poles, at least one at each extremity, and such ex- 
tiemc points are called staiiom. The operation of measuring any line 
\\hatcver, requires at least two persons employed, the one to lead the 
chain, and the other to direct it. The first or leader, is provided with 
ten pins or arrows, and lays his end of the chain by the direction of 
the follow er in a straight line with the distant station, while the lat- 
ter holds the other end precisely at the other station. At the end or 
eveiy chain laid between the s1^ions,i the leader sticks an arrow into 
the ground, at wliich the follower finds always a precise point to hold 
his end for the next length, and they proceed in this manner till the 
whole line is measured, while the follower successively gathers as man^ 
allows as there ha\c been chains laid out upon the distance. 

<» 

7. All surveys made with the chain only, supposes the ground near- 
ly smooth and Ica el, and if otherwise the conclusions derived* therefron> 

N 2 
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iiAiinot be eorreet ; wSif naj line having an inclination to the plane of 
•the horizon must be kHagev than if measured upon it, as such becomes 
the hypothennse of a rifj^t angled .triangle, the difference of level of 
its extaremities the piitigiiiMQidicuhur, and the horizontal distance the 
base ; therefotie, the fiptog of distances, measured upon sloping and 
undulated grounds, hdbngs to the use of angular or levelling in- 
struments, and re^uilMi the application of Trigonometry. 

OF MACTICAL GEOMETRY 

u 

VPON THE GEOUND WITH THE CHAIN ONLT. 

8. To find a point d nifhout a given line A B, so that the line A d shall 

he perpendicular to A B. 

Set a staff at any convenient point C, and about half the distance 
which d. is required from A B : then with the length C A set another 
at b, and make C d in the same line and equal to C h, and d is the point 
required ; that is, A d will be perpendicular to A B. 

9. To make a line C Ti paralleled any given distance to another line A B. 
At c and d, any two points taken at pleasure upon A B, make 

c h and d r both perpendicular to A • then mark off c C and 

d O, each equal to the givcif distance, and the line C D will be par- 
allel to the line A B. 

10. To find the distances between two stations A and B, without 

measuring between them, « 

Mare C D, at any convenient distance, parallel to A B (9.), and 
A C and B D both perpendicular to A B (8.) ; then measure from ^ 
io D, between which is the same distance as from A to B. — This 



case is frequently used in practice, as tl^ Bn# A- B may represent 
a hedge or other fence whereupon it may lie impracticable to meas«< 
ure directly, wherefore the line C*D is made on ground free of obsta- 
cles equal to A B on which its lengt*h can be elsily taken. 

11. To continue the line A B to any gwen distance B £. 

At any convenient short distance moke C D parallel to AB(9.): 
set a staff F in the same line with C D, and at the given dis- 
tance B £ : then make F E perpendicular to F D C, and equal to 
C A or D B, and the point E^wiH be upon the line of A B produced. 
—This example is applicable to all fences or fronts of buildings, the 
uniformity of which is broken with trees, projections, or other im- 
pediments, and that intercept the eye from directly forming a con- 
tinued straight line. 

1*?. To find a ‘point C which shall he on a straight line between A and B, 

hy standing between these objects. 

Let a person with a rod C D lay it from any point C, and first 
point it to B ; next, keeping the end D fixed, let him turn the other 
towards A ; again, keep C fixed, and bring D pointing to B, and so 
on, pointing the rod alternately upon A and B, until it point upon 
both these objects at the same time, and C will lie in the line A B. 

Otherwise (better hy two persons, C and Dj. 

Let C and I) each hold a staff any where at pleasure, betw^een the 
oljects A and B, and first let C put D in a straight line w ith B ; next 
keeping stationary, moves C into a straight line with A ; again, C 
stationary, directs D upon Bj and so on alternately, till they both set- 
tle upon the straight line A B.— The use of this example is ahvavs 
necessary m the case of rising ground lying betiveen A and B, wliitli 



m&y cover eacli fipoljfi tlM view o£ tlie otlier, as eitiier of tliese opet- 
atioeyi may be performed npoa a placw &om wbich botb ase seem 


IS. To leiJnN a upon the r^U line A 'Btfiem an 

maeceenbU object D. 

Upon the plane meidi: out the Une A B, and make F B perpen> 
dicttlar to A D, and A H perpendicular to B D : then through C the 
intersection of A H and B F, continue the line I) C, by fixing a sti^ 
in F on A By and £ D ia perpendicular to A B. 

Otherwise. 

Maicjb a a and B h perpendicular to A B, of any convenient length* 
but equal to each otlier, and cm A 6 measure tlie lengths of o c and 
d h ; then* by proportion, « c+cf b : a c ; : A B : A £ 


or, 


tfcxAB 
* 0C+d b 


AE 


AlaOy a c+d & : d & : : A B : E B 
d&xAB 


€«V 


= EB 


c-^rdb 

Hencey by measuring out the length of A E or E B, cither w ill deter-* 
mine the point E. 


14. To find the distance of an inaccessible object from any ^ven 

point A. 

Through A form the Kne A B, upon which let fall the perpendi- 
cular D E (14fc)y and measure on D E any convenient distance £ O ; 
next make C G F parallel to A B, and measure the length of C F : 
then, by proportion (Theor. IG.), t A B— C F ; G E : : t A E+E^:D E 
GExAE+EB I)E. 

2rB::rLT!’ ~ 


.2 



fin 

if 

Otherwise, 

F ROM th« point A marid off A B of any octtVCiiieiit lengfh p6)p!^H^ 
dicular to AD; alsoBC of anylength perpendicular to AB, and 
find a point E in the line of C D upon A then by measuring 
the respective lengths of A E^ E B^ and B C> we have by proportion) 
BE : BC :: AE : AD; orBCxAE_A 

BE 

♦ 

15. To find the distance between two ohjectsy A and B. 

Form upon the plane the line C D) as nearly parallel as it can be 
made to A B, and let fall the perpendicular A a and B h upon the line 
C D (14.) ; also find the lengths of A a and B b (15.), and measure 
the distance a b ; then we have A B*=:BA— (Theor. 10.), or 
. A B=v/B5— 

IG. Through any given point C to form a line parallel to another given 

inaccessible tine A B. 

First mark a poini D at pleasure, and find another point E in the 
line A D, which shall be on the continued line of C B ; next make 
E G parallel to B D, and G C F parallel A D, meeting B D in F : set 
a staff* at H, on the mutual intersection of the lines E G and A F ; 
then the line formed through H and C, as I H C K, will be parallel 
to AB. 
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OF MEAS0B1NO Z417DS WITH THE CHADf 02TLY, 

* f 4 t 

AW^^'ftiNN^SO TSEJlEFnOM, 

Hf' 

17 . * IN lands that idns hounded h^ straight lines ivhich are formed 
by hedgerows, tree«, lOd drains^ the practise is under such circum- 
stances to measure the lespective lengths of the sides by some of the 
preceding methods (tO^ dec.) ; but where these are free of obstacles, 
each part may be measured directly upon itself. 

18 . The Planning or Protracting of Figures from actual meas- 
urement requires the use of several drawing instruments, as compasses, 
drawing pen, parallel rulers and scales, each of which we shall de- 
scribe severally, without supposing the use which may have been 
already made of these in the Practical Geometry. 

The compasses, A.) are usually made of silver or brass, having 
the joints and points of sted^jf the joint at the top is a steel axle, upon 
which both the legs turn, and is provided with a turn-screw for les- 
sening or increasing the frictidh of this part. The motion of the legs 
upon the axle should be uniform and smooth, so as to keep steadily 
any position given to them, without springing or starting back, and 
the whole well polished, which makes them be easily kept clean. The 
point of one of the legs is transmoveable, in the place of which can be 
substituted, singly, two other parts, called pencil and ink legs,' «''e 
first of which is used occasionally for describing or drawing circles 
and arcs in lead, and the other the same in ink. ^When the com- 

f 

passes have both the legs fixed they are called dividers. 
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The hair compasses. Fig. B, have a at the 

the middle of one of the legs, by which tiSe |llilat of it after being 
put near to any distance, can be brought ettl^litbackward ofr forward 
exactly upon the line of division. * 

The drawing pen. Fig. C, is for drawing Bm in ink. The ink is 
put between two bent steel blades, which by screw b can be made 
nearly to meet at the points ; so that the ii^ is Idt out less or more 
during the time of drawing, according to the required strength of the 
line. The ink point of the compasses is constlfllRted in the same man- 
ner. The head of the drawing pen is usually iMtade to screw out with 
a steel point af&xed to it, which is used for yncking or tracing off *the 
first protraction upon clean paper. 

The parallel ruler is for drawing mechanically parallel lines at any 
, given distance from each other, by one of the blades moving parallel 
to the other while this is kept fixed. The best movement of this kind 
is the moving blade to go out perpendicular to the resting one, as Fig. 
D ; but this instrument is as often constructed to have its movement 
obliquely, as P^ig. E. A surveyor shouliBl^be provided with three of 
these, the longest two feet in length, the next one foot, and the other 
SIX inches, and the two first are better if made of brass, and the last 
of ivory. As tins instrument is of constant use to the draftsman and 
sui vej or, it is of the utmost importance to verify it, which may be done 
in the following manner : first open the blades at any convenient dis- 
tance, and lay the instrument in this position upon the paper, and a- 
lon<yt^ch blade draw a straight line, as A B and DC; next reverse 
*he instrument by laying the edge by which A B was drawn, upon 
D C, and bring the other upon A or B, for instance upon B ; then, 
keeping the first steady upon*D C, draw a line through B, which, if 

the ruler is just, will coincide with A B, but if otherwise, will be B a 

% 

Q- 
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or B«', and the onj^e^ B A or A B a will be double the angle of the 
error whicb the blades nmlke inth each other : for let D 6 be parallel 
to A By and the angle GJ}&he the error of the instrument from paral- 
lelism; now if it be rc^lKiMiaedy and the edge put upon D b instead as a- 
bove xqpon D C, the will describe B b\ making the angle A B b', 
equal to the angle C d* for D B and A B are parallel : but again, as 
first, make the ed'gd oohicide with D C instead of D b, and draw by 
the other edge the line B a, then b'3a must be equal also to C D 
for D C and b' B are pnrallel, and consequently equal to A B 6"^ : hence 
the angle A B a is equal to twice the angle C B 6. 

The T square^ used by architects, makes very good parallels, if 
made to slide along the smooth edge of a drawing board, or a straight- 
edge laid and kept steady Upon the paper. Sometimes these squares 
are provided with a revolving head besides the square one, which can 
be fixed stationary by a screw through it, to any given angle with the 
blade, by which, lines oblique to the side of the board may be drawn 
through any given point. 

The scales are usuaUy mlide of brass or ivory, but better if of brass, 
as this metal bears the pressure and point of the compasses without 
injuring the divisions so much as those of ivory, especially the diag- 
onal scales, which are used only by applying the compasses upon them. 
This instrument. Fig. E, contains so many primary or large divisions, 
as 1, iB, 3, 4, -6, &c. each of which may represent the distance of one 
mile, one chain, one hundred feet, or any other measure fixed upon 
previous to using. One or both of the extreme divisions of is 

divided into ten equal parts, by diagonal lines drawn parallel to eacl* 
other, but crossing obliquely eleven other parallel lines, which forms 
the breadth of the scale, and also divides it into ten equal parts. It 
will appear, that by this mode of division and position of the parallel 
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line?, 1 00th part of one of the primazy 8egmifUijt$ may *be ohtsifiid ; 
foi fiisf 'i^LXuining at 0, and looking up theT ]||Mllj^ndicular line of 
visioi7 tlic intercepted parts between it and tlbdl^t diagonal 0 1 ate 
gradually lengthened, till the last ox* uppertaoilt which is equal to 
one tent 1 of the primary segment ; so that hjf^t$l:is construction, the 
perpendicular is equal to 10, the first sub^vjlfi^ is equal 1, the first 
division upon the perpendicular is equal 1, and Call the least intercept- 
ed part between the perpendicular and first diagonal o, we then have 
by proportion (Theor 16.), 10:1::1 : 0 ,iQr 4 X = -^of the subdivi- 
sion ; and every subdivision being the tenth part of the primary seg- 
ment, consequently a is equal lOOtK part of the same segment. 

In planning grounds which have been measured with an hundred 
linked chain, the above division of the jaimary segment is used, as 
each of these represents 100 links, or one chain lengtli, and the diag- 
onal shows all the intermediate numbers of links from 1 to 100: As 
an example, let the length of 232 be required from the scale; then 
we have first two primary segments equal to ^00, and three subdivi- 
sions equal to SO, now if we add tlie seco|||| intercepted part from the 
bottom, we ha\e collectively three parts equal to 232 ; but which in 
n hole can be found on the second line firom the bottom, being inter- 
cepted between the third diagonal and perpendicular 2. The same 
ma;y be shown of any other number ; for the digit part of the num- 
ber is always intercepted between a diagonal and the perpendicular, 
upon the parallel line of the same name from the bottom. 

Bo<udcs the above application of the diagonal division of the scale 
iry representing the parts of 100 links, it is equally applicable to any 
other measure whatever : for instance, let tlie above primary segment 
be subdi^ded only into eight equal parts instead of ten, then by the 
'same proportion we have the ei^tieth part of the same division, so 

• o 2 
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tltat tbit «ed* to furlongS) and chains. The same 

may be shonm in ibcfty itiehee, and tenth parts of an inch; for if 
the primary divisioQ dirided into 12 parts, and the hei^t of the 
diagonal as before into are liave the first representing feet, the se- 
cond inches, and the<Wld t«ath parts of an inch. 

19. As the form ef'll crooked line cannot be derived from measuring 
lineally the required part only, excepting this be a portion of a known 
curve or circle, it htOitila becomes always necessary to refer the meas- 
ure of such lines to a eommon standard, upon which the forms of these 
will appear. The moat convenient measure for this purpose, is a 
straight line made near and to lie opposite the crooked line ; for let ii 
be required to find the fixnn of the line A.b cdE: with two or more 
poles mark out the straight line F £, opposite and conveniently near 
to A 6 c d E, and measure alternately the greatest and least distances 
between them, as the perpendiculars A F, 6 g, c A, d z, £ K ; also 
measure the parts F g, g A, A c, s E, which together will be the neces- 
sary dimensions fi>r cons^liicting the crooked line A A c d e £ ; as 
draw first the line F K, and mark out the distances respectively of 
the points F, g, A, $, K; next set off the perpendiculars A F, A g, c A, d i, 
and £ K, according to the measurement of each, and join their ex- 
tremities A, A, c, d^ E, which will be the form of the line required. In 
curved lines, it is obvious, the nearer the perpendiculars are to each 
other, the fenrm of the curve will be the more correctly described. 

The line F K is called a linef and all the perpendiculaH^^^ea- 

Bured to the boundary, from it, are termed offsets, " \ . 

SO. When crooked or curved lines recede so far from the station 
line £ L,^that the offsets are inconveniently lengthened for measure- 
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ment, as of the part C D opposite to G fliitikter, in 
to mark out aiurther line G K, jcnning and an angle widl B 

but nearer to G D than G L, by which the on this part wifi 1^ 

much shorter than if measured upon the con(ii||ation of £ G. 

SI. The relative position of two lines £ G K, forming any angle 
with each other, is found by measuring die eitibtense * of the angle 
£ G K or K G L ; for mark off the equal distances Gh^Gk, and mea- 
sure the subtending line h h between them, dm lines Gh^Gh^hh are 
the dimensions of a small iscoles triangle Ghh upon the required 
angle. 

Protraction. Draw £ L, and mark off the distances £ G=360 and 
G Ar=100 ; upon G ^ as a'base, describe with G ^=100 and h ^=150 
‘the triangle Ghk^ and produce G A as for as. K, then £ G and G k 
are in true position to each other. When the angle £ G K is very 
obtuse, it is better to take the measure of the subtense hk of the an- 
gle K G L, as the point h can he more accurately determined, because 
the intersection of the sides G h and h not so oblique as in the 
other. 

In making the actual measurements of land, an instrument called 
a cross staff is sometimes used, for marking out with greater expedi- 
tion the offset lines perpendicular to the station line, than could be 
done by geometrical construction. This instrument is constructed 
with four sights, fixed at right angles upon the head of a staff of con- 
venkfit length, which is shod with iron for sticking into the ground. 
Ic is applied by being placed upon the chain or station line with two 

* Tub subtense is a line joiningiihe two sides which form the angle at equal dis* 
■> fences from the angular point. 



of the s^hts in and by looking through the other two, 

a mark on a peipenmtfdbr line to the chain is thus found upon the 
boundary, where the <Aet is to 1^ measured ; or it is moved back- 
ward or forward upon station line till the perpendicular formed 
by the intersecting sf^j^hlf fiiUs upon any given point : but as this in- 
strument is not provi^ded With any adjustment for making its plane 
parallel to the horiaon^i'lls eiporatiims should always be limited to very 
short distances ; therefore practical surveyors prefer as equally accu- 
rate, to keep their station lines as close to the boundaries as can be 
done, which makes tha pffsets only be a few links in length, and 
are taken perpendicular, by the eye first laying the offset rod as near- 
ly perpendicular across the chain upon the station line, and then 
measuring with it forward to the boundary in that direction. By this 
method, or using the ccoss staff, the station line is usually measured, 
and the offsets upon it are taken at the same time. 

22. The operation of measuring a line with offsets as E K, is per- 
formed first by measuring with the offset staff the offset AF=]5 
links, next stretch the chain from the station F towards the station K 
as described in (Art. 6.), and proceed measuring till some part of the 
chain Ke opposite the point b Upon the boundary to which the next 
offset is required ; then find the point g upon the chain by (Art. 21.), 
so that b g will he perpendicular to F K, and measure b g=25 links ; 
also note the number 120 the distance in links found by the chain, 
between F and g. In the same manner continue till the chain -kf al- 
so opposite c and d, where likewise as above measure the offsets c //=17 
links, and the distance of k from F is found 230 links, and the offset 
d 1=80 links, and i distant from F is 3G0 links. Lastly, the whole 
distance F ,K is found to be 513 links, and the offset K E at the sta- 




tion K is equal 10 links, which measiirem«l!fe» «0gBther mskfi A|r S^' 
mensions of the boundary A ft c d K. * ^ 

As the measurement of the linf F K i^JiM^to ts a straight Baei U 
is necessary that this be actually measured «» liich ; for if those em- 
ployed have deviated to the right or left of ily this measurement will 
not only be lengthened, but likewise all the«|hets from it be measur- 
ed long or short of the true dimension according as the deviaticoi 
proaches to, or recedes from the boundary $ therefore the persons 
who direct and lead the chain, should be well instructed and prac- 
tised, till able to keep it at everjr point in m right line between the 
picquet staffs, which mark ouf the course under measurement. 

In the case where the ground upon which offsets are required is 
sloping or rising from the’station line to the boundary, it is better to 
;*mcasure these from the highest extremity to the lowest, by first put- 
ting the one end of the rod upon the surface, and keeping it as nearly 
level by the eye as possible, and from the other susp«id a plummet 
or drop a small stone, which will mark the horizontal distance of the 
rod upon the sloping surface, and also a point from which to measure 
the succeeding length. In the same manner continue till the whole 
length of the offset is measured, which will be sufliciently near to the 
true horizontal distance. 

It is better, as on the figure, to write the distance upon the station 
line where the offsets are taken, in links, as F g=120, F ft=230, F i 
=300, &c. instead of noting the chains and links separately. In the 
event of a station line exceeding ten chains in length, it is necessary 
at the end of the tenth, or 1000 links, that the whole arrows which 
ha\e been now taken up by the follower be again returned to the lead- 
er, vho sticks the first at the^nd of the eleventh chain, and both pro- 
" <^e*ed as before ; but in the act of returning the arrows, t^e follower 



Kiiiicft tiM Sinxm fi& tlie^eleventK is stretched, and 

the badipr iticki in £i«leVenth arrow; or otherwise if the eleventh 
(a alMidbed befodl^ttoiging,, the leader marks the place of the 
and of fiio ^wwnih fidlowor brings up the arrows, who sticks 

one al thie point, aii4^{||hwB the remaining nine to the leader. How- 
wwfHr) iastead of ihe places of the tenth arrow or the end of 

t|ss udeventh chaill, mriter of this uses an eleventh arrow, but 

whiolt Jbtaa a peculiar Mtk from ihe other, as half the length, &c. 
which the leader alw^jjff leoerves to be put in at the end of the ele- 
venth chain length, sO itet when the leader at this point receives the 
arrows, he lifts it again wad stidcs one oT the ten in its place, and again 
carries it in reserve for the same purpose at the next change, by which 
means are avoided the accidents of losing the point, which may happen 
from not marking the* ][dace of the arrow sufficiently, and afterwards 
whUe changing not kee|aiig the spot in view. It is obvious, at the 
end of whatever number of chains measured by this metliod, that 
this eleventh arrow is not taken into the enumeration ; but has been 
held m^ely as a mark doripg the changes made on the whole line. 

In measuring with the chain, the assistants should be very caieful 
to give out its full length, keeping the handle within two or three 
inches of the point of the arrow, and holding this perpendicular while 
sticking it into the ground, which is easily done by the leader putting 
all the fingers of the right lumd through the handle, and the arrow 
on the outside between the handle and thumb. On the other hand, 
the follower should hold the chain precisely at the arrow of Ihs end, 
until he finds the leader has put another in a direct line with the sta- 
tions. 

o 

lV( the sides of a field which is to he measured is found to assume 



the figure of ft tna»|^, fts A B C, fitet 
of the pointe a,b,c am elfttioas, end ftt svBi^jMtlijftceft 
A B, B C, C A, tte the lines a 5, $ e» e a «ft|i |i|su)fteuKed 
terruption either from the inequaltties in thn Hjfiwe, or 4rldll% 

&c. which may be upon them. If the finifM^,|ple straight lines and 
beginning at measure the offsets • a'dhll^^nks, and the ststioii 


line a 6=420 links, also the offset b 6^=190 fiMlii ! next tdke tlm 
set b b"rs:17 links and measure the straight hoe b c=S45 linlom <dftO 
the offset c d =25 links : then measure tihitN|||h6t e c^=12 links, and 
the station line 475 links, and the offset a links. 

But if the boundary of the fidd consiat of crooked fences, and fi>np- 
ing a figure nearest also to the triangle, as £ F G, plant the stations 
^if* Si under the same circumstances as diown above for a,b,c, and 
‘measure the station lines andge, with the necessary ofilhets 

upon each as shown in the figure, and exemplified in (Art. 22.) whidi 
is at every turning and recess of the boundary from the station lines. 

Protraction of the triangular field hamt^ ^raight sides. First con- 
struct the triangle abc (Frob. 1.), for mcample as in the figiure from 
a diagonal scale of one half inch to the chain or 100 links, making 
the side a 6=420, 6 c—S4c5, and c azz4f7S ; next set off perpendicular 
to a b the offsets a a'=10 and 6 6^=r20, and draw indefinitely the line 
a' b'. In the same manner mark out the offsets 6 6*=17, cc'=25, 
<• c"=:12, and a a"=:14, drawing the straight lines 6" c' and c" a/» in- 
tersecting each other and a' V in the points A, B, C, and the figure 
ABC is the true boundary of the field measured. 

Protraction of the triangular field having crooked sides. As above 
construct the triangle efg, malung the side e f =420, y'g=:345, and 
g e=47^; next mark off upcfti the station line e f the offset e c'=12, 


" iAid the distances 80, 130, 230, 330, and 400 from the statiem e upon 



^ 1^ poiiits set out perpendicular the offsets 

firom them, as 15 at 80, SO at 130, 
SSO, 400, ai)d 15 at the station y*; in the same 

to intermediate distances, at which off> 


sett teibte tiikeii upol 
satae i&ttik «» above 


other station hues /g and g e, and at the 
the offsets perpendicular to the re- 
spenCtive station lin'ed^dtacht tiBber which join the extremities of all 
the elSietii, and thenliy filming the crooked lines E F, F G, and 
G £ being together ^ha^oondary of the field, which will he correctly 
delineated. ’’ ' 


24i, As another example of surveying a crooked sided field, for it is 
such that oftcncst occur la practice, let the field A £ C D, by plac- 
ing the* stations o, 5, c, be resolved into a polygon of four unequal 
sides, as the most convenient figure for taking the dimensions upon 
its boundary. The surveyor in this case may either place all tlie sta- 
tions before measuring, or place and measure them in succession. 
After all the station lines and the necessary offsets upon each are 
measured, it is requisite that' both the diagonals a c and b d he also 
taken, by which the polygon is divided into two triangles, being either 
abc and a c d, ox ab d and bdc» 

Protraction. First draw a c ox h d, but in this example let a c be 
drawn, and upon it as a base construct the triangle abc and a c </, ac- 
cording to the measured lengths of the respective sides of each, as 
marked upon the figure. As in (Art. 23.) set off the offsets upon the 
sides of the polygon abed, and the extremities of these will mark 
as before the boundaries of the field. 

In this example a good jiroof of the accuracy of the measurements 
of the station lines are afforded from the measurement of the diagonal 
b d ; for if the length of 5 be measured by the scale from which the 
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other parts of the figure are constmeted* Ihis sho^d 
with its measured diststnoe, and which is hia instance ihat dhil'ili' 
necessity of providing similar proofii for ib^ij|bsttrement of snislvjfFi 
gure whatever, whereby the results td be' 4an||d from these ehijf be 
safely relied upon. 



QS. Fields which have more than &uf sSoSe commonly tiii|Uire ^ ^ 
many station lines as each has sides, as A Sb C D, D E, wad M idb 
which are measured after the same manner aadlliilBe describedin thefislda 
of three ahd four sides, but this field wiH SS|pHre two diagonals to be 
measured between the opposite angles, wi jH D and B £, or C £ and 
A D, for protracting it ; for by the figosu there are three triangles 
to be made, as C D B, D B £ and A B the two first of which can 
be constructed upon the base B D, but the other requires the other' 
diagonal B £ for its base. — It farther may be made evident, that every 
figure having more than three sides, requires as many diagonals mea- 
sured between the opposite angle as the figure has sides more than 
three ; for let other two sides be formed, as £ F and F A, which will 
increase the same figure to six sides, as A B, B C, C D, D £, £ F, 
F A, and then a third diagonal A E will be necessary for a base, upon 
V Inch to construct the triangle A F E. 

It is upon the above principles that the most accurate measure- 
ments of land arc made with the chain only, that is first by circum- 
scribing or inscribing the boundary with station lines, and forming 
diagonals between the opposite angles by which the figure assumed by 
the station lines is divided into triangles. However, as the most 
careful pjeasurements are not perfect, nor each have always the , 
„sanie ratio to its true distance, a choice of position to each other 
and the proportions of the sides is necessary to be oonsiderefi, 

p 2 
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go «• td^ ol' t«uuf^eg to Imve the seme accurtcy with 

whh^ Ihoy mjr We Am oh iootance of this practi- 

odi fgwiidk» ifear it is dtone it is admissible and by which it 

ii d i g pg ytapgd ( let a he formed* such as whose sides 

haT<> l^fgat dl^hrmtces^iilh'ei^ other, and in this case the intersection 
of the sides at one eagles will cut extremely oblique, of which 

the hNig'pdbit of int«KMiOtt cannot be determined : but on the con- 
traty if the sides of dft €he triangle# haire small differences with each 
other* the inter8ection|^|ll the angles will he nearly the most direct 
posirible* and upon eam^'^llie point of intersection will be definitely 
marked.— -Hence the neaikm equilateral are the triangles* and equiva- 
lent to each other* the megaarements which have been made of them 
can be the most accuratelj^ protracted. 

S6. Thb measurements of every polygonal or many sided figure 
may be verified by diagomds measured to every second opposite an- 
gle from each of these alternately ; for let the polygonal field ABC 
H £ F G H be constructed ^rom the measurements of the triangles 
B 0 H* A B D* A X) H* H D F* H £ F and H F G* and besides these 
let the diagonals A C, A £ and £ G have been also measured between 
every second opposite angle and from each alternately : it appears 
that A C is a base to both the triangles ABC and A C D, and A £ 
is a base for the triangles A H £ and A H £* and also £ G is a base 
for the triangles £ H G and £ F G* by which each of the quadrilate- 
ral figure B C D A* A D E H, and H E F G are verified by its respec- 
tive diagonal (Art. 24). 

27. Where deep recesses or great bends are in the fences* as 
at £, to which the distances are too great to measure with the ofiT- 
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«et ptaiF from the station line ^ B, 

recess upon a base &&m two luMWtt ataat^n 

C D £, upon which from two of its £ and £ Da" l|j|i«lil{lr' , 

offsets can be tak^ to the boundaxy. • 

If a recess consists of two strai^t sichia m ^Wt £ ntadk fhe nuxn* 
ber intersected by the continuation of thenk^il^iaii the station line* as 
3^ and 410, also marking other two convenient points upon it, an 
340 and 400 and measure the distances 116 and 108 from ea^ to £ 
as on the figure, whereby F is constituted ^i||MLapex of a sxnaiU triaa* 
gle, having the difference of 340 and 400 Ip^ts base whidi is a part 
of the station line A 

Instead of a triangle being formed upmi the station line for mea- 
suring the boundary of a recess, a trapezium or any other polygon 
may sometimes be more suitable frr this purpose, as H I K L, and by 
measuring the diagonal I Xi or H K, as in (Art. 24s.), is divided into 
two triangles, being either H I K! and H K L, or H I Li and L I K. 
In the same manner as shown in (Art. 25.) the boundary of any recess 
whatever may be inscribed or circumscribed by station lines forming 
a polygon of any number of sides, but one of which must be always a 
known part of tlie station line A B. 

In the case of a pond of water or other obstacle by which it is im- 
practicable to measure the diagonal M P or N O in the polygon in* 
bcnbing the recess, it is necessary in tbis example to measure the 
subtense of the angles L M O, MNP, MOP, and O P N, as in 
(Art. by which the angular position of the lines M O, N P, and 
O P will be known. 

Let it here be observed, of this method for finding the angular posi- 
tions of Ihe sides of a polygon* by measuring the subtense at short dis- 
tances from the angular pointy should only be applied to such cases as 





two or three chains ; Ibr a 
w«l make a considerable 
i|t liie cQLtremity of a long line. I 
^ piuiauf -re^ciable measurers of land, 
attd eren give it an ignorant prefer- 
' lill|lraine!lita $ Vni as a better proof than the 
lllbei angle M N P be taken by measuring 
NP, th^;;#r||» length of which is 150 links at the dis- 
too links angular point N, and suppose N P and 

H M equal, and each lH|pU then by (Theor. 16.) we have 100 : 
150 : : 1000 ; M F=:l^^ the tiiie length of M P : now let an error 
of one link take place in measurement of the subtense, that is, in- 
stead of being measured <be true distance 150 let this be only 149 ; 
then we have by the same facUportion 100 : 149 : : 1000 : M P—1490, 
which is 10 links short of fha true length of M P : again let the sub- 
tense be measured 151 instead of 150, then as above 100 : 151 :: 
1000 : M Pz:1510, which is 10 links too long. Hence in the same 
proportion will the error be multiplied as the line is longer than at 
the point where the subtense was measured. 

"When the angular position of a fence Q K is required upon the 
boundary, mark its intersection S upon the station line by placing a pole 
upon the chain in a line with Q R, and also mark another point T ; 
then measure with the offset staff the distances S Q and T Q, which will 
constitute the triangle S Q T, having its base S T a known portion of 
the station line and one of its sides S Q in the same line of Q R. 

J^otraction. First mark out the distance s S=476 and s T=565, 
and with the sides 35 and 42 construct the triangle as u^on the fi- 
gure : then produce S Q beyond the boundary to H, and R is in 
true angular position to the boundary q r. ‘ 







and breitdtil 9% mL 
or other luiea 
eiiiaured 





the dietaiu^ 
and 70 as sidet^ oooo , 
which or angular point 


Where buildings or* other 
to the boundary, as a« house 
upon the station line as attCjiK) ipidr 
point from the same interse^ons ai^ 
of the building be required, medsure its 
at the same time noting the meeting c£' 
as represented on the figure by fiO and 80 
gular point to the lines marked fence. 

Prolraction. First lay off from the 
606, and from these points, with the dii 
struct as in the figure a triangle, the 
opposite the station line is upon the comer of the building to which 
these distances were measured.— iN^ext produce the sides 50 and 70, 
and lay off upon the continuation of 50 l^e length 64, and upon the 
continuation of 70 the breadth 32 ; then draw the opposite sides paral- 
lel, and the building G is delineated bolji^*^m position and magnitude. 

If the position of a rectangular building W, lying nearly parallel 
to the station line be required, first mark the points of intersection 
by producing its opposite sides u and v v' upon the chain as U and 
; then measure the distances U u and V r, and its breadth u or 
r v' and length u v. 

Protraction. F rom the station a lay off the distance of o Urz 
343 and a V =403 ; next from the point U with the distance 55 de- 
scribe an arc t/' u w"', and from the point V describe another arc i/'a; 
and d/aAV u v touching both the arcs : then draw the lines JJ uu' and 
V V V both perpendicular to u v, and make ut^ ox v v' each equal the 
breadth 34 and draw u* v\ which will delineate the building W. — It 
is to bj/hoticed by the construction of the above, the building is sup- 
«d rectangular, by which the length will be found 58 as measured* 



A 3^is intercifted hy % omall 
'' ^llfjlfil^ over which the line may 

hf VlippipFW Itmtoxem far as c and set out 

to oross staff; hut of such 

ilkllR%ll»«i 4l« may oi*|ijl^|^di<nllar to dc ; from d mea- 

mm St my cornvmietk ^fimmmp ahm beyoiid the impediment X, so 
4^^mmy he mad* fi||pM^ti]ar to rf* aiid be produced to/on the 
liim A A— Now if ejl Fh#l/i» &cmd upon the line of A B, he equal 
Wd'O and the angle vj^^yipoo right attglef the distance across the oh- 
^ Otaole X is equal to ttiHIppasOred distance of d e. Hence hy mea» 
OUlring the whole le^pflt of A B ie equal to A e-^fb. 

It occasionally is necessary to cnoss or pass through a fence C D with 
the station line A B as at a^ & If this feilce he a hedge, in most cas- 
es the chain may be passed Initwecn the stems of it upon the line A B, 
having the chain stretched IMt in open ground; hut if it be a wall of 
stone, turf, &c. through whieh the chain cannot be passed, first mea- 
sure to the side at a as ^8, next with the offset staff laid horizontally 
across the wall in the line of- A B, and with its end adjusted by a 
plummet exactly over a, find the number of links as 6 upon the rod 
by again suspending the plummet above 6, which add to 278 making 
together a distance 284 from A to & ; then, subtract this from 300 
and the remainder is 16, whidi difference lay off with the chain from 
b towards B, and this will mark the place of the third arrow from A 
to B, beyond the wall. 


28. After having described the methods of measuring the station 
lines with of^ets upon them, the joining with diagonals the opposite an- 
gles formed by the station linos inscrihingiOr circumscribing a sft^gle field, 
also the various figures of the boundary and objects connected 
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tberewitk ; it may be 
pies by anotber more 
delineation of several 

The survey of the 

was begun by first fixing^ the station n, a» 1l li|| |^ i p ext 
B of the boundary A B mere both seen we next dmid IH 

such a ntasmer as the Ime ah eould be me asni ll free of o bstml i n ^y 
crossing the rivulet % after having h fixed ma went to the uwet||>g 
the river and the boundary at £, aasd planej^^ station pe|e at Ct by 
whi<di the line b c could be measured widui|lii|9^ part of it fhliing in- 
to the river, and also free of nntccruptialh hpon tbe banks. The 
part of the boundary E F being a straig^ line, it was only necessary 
to place the station d at a convenient distance from it, and to be seen 
from b and c, and some part of the line Vid as at b\ Proceeding as 
far as the corner G, we found that d would be seen on a straight line 
from a point e, and into the road at f, and also that past of the sta- 
tion line a b, which is intercepted in the same indosure ; therefore 
both e and f were constituted stations. 

The stations a, b, c, d, e^f being now posited, we went along the 
road till nearly opposite B, where we fixed the station g, to which a 
straight line could be measured from a, and likewise another to some 
part about k opposite C. Proceeding till opposite the bendC, the sta- 
tion h was placed so that both the straight lines g h and a h could he 
easily measured, and also another h i towards the river, where i was 
made another station, from which the distances of h i and / i could 
likewise be taken. 

Having now either circumscribed or inscribed the whole boundary 
A B C F G, by marking* out the station lines agfgbf hi, ib, 
' b t,c d,d ef, and / a, and likewise a b skirting the rivule^ We cOtt- 
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wt upon the groimd, and; 
l||||tof ilMnq»r«nfled upon the plan, and 
m addch iNreie necessary for 

it 9 itiMi|||i|f into triangles ; besides 
d c=1046, e e=878,. 
icijg along a £t, mo ^marked * the point a' as 
tihich takes tbo&arst'of the curved fence 
c^^^piMdte'iids line (ArtJI$|i;iSlld alsd nortlaid the intersection of this fence 
'mith the chain* The i i||||iii i|ielaon. of theeontinuation of the straight fence 
Ifitokn ihe boundary at olpti iiibiii nred both between b' and c, and d and e^. 
The extremity of the stndjpkt &nceF A'<was made the apex <d the triangle 
S' 9^ h\ and likewise the httsxsection upon o 9 if continued. In mea- 
suring the lines el e,e yandgfJi^ the points of the intersecting fehces were 
all observed upon the chalu*^ iThe angular position of the fence I' k', 
upon the opposite side ol^ t||a river to the statical line i b, was found 
by marking out the trian|^0 f from it, having one of its sides i' m\ 
on the same line of « The methods of taking the measurements 
of the other parts as expipessed upon the figure, have already been 
sufficiently described in the preceding articles. 

jPro^ac/eon.— The protractions of all surveys are commonly drawn 
first with a black lead pencil, and afterwards the boundaries and 
other objects of the lands are drawn with the drawing pen in India ink : 
but if it is required to preserve the station lines upon the protraction, 
these gone over with a tracing point, will impress the lead into the 
paper, so as to leave them afterwards always visible. * 

* The station points and all others upon the station line^ to which other lines are 
to be joined, should be marked with small pegs 8|uck into the hole in the gj^ound made 
1^ the pole, by which these points may readily be found afterwards, at least till the survey 
k completed! 




Draw a lina of ^ 

ftom any scale, as in tfbc'^iate iG(f<i|dUNi|lf I 
upon tliis as * base, willi tti® ® 

ah e\ Aext making # « anodiier basSif^i 
a/e, upon e 6 tbe trmiigle and 

~*Again, upon a & «i « base, construct 
a h make the trisn^e a end upon 
h i A, which will conjopi together the series' aS triangles « A e» 

b e d,b c dfO g ht a g hf b i h, 

From o upon a b, mark the points oV according to their 

respective measured distances ftom*a, and'JMn a' e ; now, by appl 3 ring 
the length of the proof lines from the scidc», g=1012, d i=1046, c’e 
=878, a'/=804, and a' e, ’the degree of coincidence of each will show 
that of the accuracy with which the aforv^ and the protraction has 
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the tnai^l^id^ Jt dll 
gle a h bj a|p#ti|Kin 
It the 


been made of the station lines, (Art. 2A)i 

Supposing that each proof line answers to its measured distance 
upon being applied from the scale ; next loonstruct the small or late- 
ral triangles b' d^e\ V e' c\f g' A', i' m' and mark off upon the sta- 
tion lines the respective offsets, and through the extremities of these 
draw the corresponding boundaries (Art. 19.); also join the points 
between the station lines where such are intersected by fences, as, 
join the straight fences c c' and F h\ which will finish the delineationi ' 
of the whole of the measurements of these five fields. ^ 

In all surveys to be made with the chain only, the lands should 
be divided by the station lines into the smallest number of triangles, 
consistent with its general figure : but these should be so disposed to 
skirt 1 erjr near the boundaries, by which the windings and other de- 
viation^ from a right line will be easiest measured by the preceding 
niethods,* and also to have the fewest diagonals necessary either for 
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ffPWMP^piVPpNiyr ■*1 HjmI 

hf |M% <*o united 


iffBof &tie8 td verify it ; wheteas^ 
il^ H ^|iMKt MIfetBAMBsi* of station linesy this 
i'«]Ml|^«OQf*likieai and the whcde pro- 
virifhisrtaiafy less accurate, than 
Iktrii in pp o tiact ien * 

, ^pptjring t9^|hMiM|f fines to n paotraoted aeries of triangles 

dtod findM t g^ 4ilp of them not ^exy nejssfy to ooinride with 
tifi MriMBlured distance^ thing to be dime in this etrae is to re« 

vise ^ pfotimction, fi||i|Mlte measurements of the proof lines, then 
tfie dtSgonidB by whioHMl^^gBres were constructed, and lastly the 
fneasur emc bts of the stai|pfinest‘m one of which the error must ne- 


etssmfiy appear. 

It is the practice oi smne a ttr v ey ers» who pret«id to great accuracy^ 
to have n great many prosiP'lineB made almost in every position, which 
by them is termed tying ifie itetvey ; but such labour is unnecessary, 
and trill rather he the cause Uf inaccuracy than a proof ; for after diag- 
omds are measured as 8in|^ proof lines in the best positions, (Art 
^5.) all others which are 0|ltM)f this position must be an inferior proof 
of the accuracy of the survey, because in the practice of measuring 
every linb, it is impossible to form, even with the greatest care, that 
(xnnoidence which is so evidently demonstrated to take place in theory ; 
f therefore an extraordinary (number of injudiciously disposed proof 
lines, can only at the most eheew some singular agreement of errors, 
W taken place upon those of the best position. 


Thb best manner of forming a series of trim^les for surveying 
an estate, or -other considerable extent of ls(»d trith the chain only, 
is first to mark out to the best advantage, riiat is upon the Vlearest 
and most level parts, two or mmre straight lines quite through the 
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lands, and nearly paroUdl to <eadb ^ 

the distance from eadh siflier of three llli||(^b>4l^^ 

which the triangles «re required. thieeljteAib likiltl i tgf r, 

triangles A ci6, A 6 a, a bj^ g ^ d O'e,* 

ce¥, and C £ D, ^every one of which w£l|||i|<||l(j^ 
of the straight lines* and its epex or oppitii^tt||gnlar point in <lihei4inrt ; 
again upon the sides of the triangle, fonn.Mir, but smaller tsiingtist 
or polygons, as will be necessary for measuding the boundeaiee<>wkl|^ 
each primary triangle, as shown in fhepvecsdi||M (Aart.'^VT,^.) 

The advantages of this method ansae''d|Hl the qjssiness in fixing 
a straight line almost to anji^distimce, stlf^ over eveiy^ obstacle, and 
the proof in the ']^x>traction which it affords, as the apex of every 
triangle upon the same side must form another straight line; ior 
it is evident, if either of the sides is ilfeeaBured shorter than 'the 
true distance, the apex will faU wit]|illl^ the straight line, and if 
longer, will fall without it, and would waquire the singular coindi-> 
dence of an error in both sides, the one shorter, and the other 


longer than either of their true distaBOBtdw make this point fall upon 
the line, excepting in the case of the true distances to both. If 
it happen that a river, marsh, or other impediment, obstruct the 
continuation of the measurements of any of the bases or distances 
between the apex of the triangles, as between b and c, still the data/ 
is sufficient, if the series upon the other lines A B, and £ F, have** 
been continued ; for the triangles bde, e c £, upon £ F, and the 
triangles A 6 a, a D B, upon A B, can be constructed upon their re- ^ 
spective bases, and the apex of each be made to fall upon the line 
C D. Here prood filMa are xuit necessary beyond those required Ibr 
finding Ihe dimensions of the Lands under measurement. 


I 
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h ^ marsh, which lies in the 

mid4i<^ through which diagonals as 

liithwyto as ABCDEF, first fix 
a |Wlf G, atw ^^ ^tlBiy dbatM^ A, B, C, D, £, F in such a 

manxMlf ^ 10 $^ pKa he i^^^kSll 4 measured from each ; then as before 
maaiVliW tibie lines A lE^u||p^ jDjQl^D£»£F,FA, with the necessary 
offiMSlil Mpon theni9,an4l^||li^ G, B G, C G, JO G, £ G, F G, which 
wiUdiHifh the dimensions tliis fielA 

iVofruefioA.—- Draw iMh^the basM of the triangle formed by the 
s^tion lines, as A G, il||K^|tfllich construct the triangle A B G, and 
oDi^cuzi to this the whole'kNmbs of the triangles B G C, C G D, D G £, 
£ G F, G F A, the last of which, viz. A G F, will be formed after 
constructing £ G F ; for afiter joining A F, the space A G F if the 
whole is correct, will exactly coincide with the dimensions of this tri- 
angle ; but if otherwise, sottH^ error must have taken place, either in 
the protraction or measurems^ts. 

31 . If the obstacles in titu middle of the ground be so posited that 
all the stations which require to be placed around the boundary can- 
not be seen from one point but from two, as A and B, the same mode 
of procedure may be adopted as in Art.’ 30, and exemplified upon this 
' vfigure, and in the protraction, the same proof of the degree of accura- 
yr^y will be found by the coincidence of the dimensions of the last pro- 
tracted triangle. 

The same causes for forming one or two points, may form thiee or 
even four or five points in the middle of the field, as A B C D £, by 
which, as in the figure, the whole field can be protilMfited. 

S 2 . When a wood only is the object qf measurement, and suppos- 
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ing the impracticability of measixiii||f 

place the stations A, B, C, D, £, so *%ii^ %vm 

measuring its boundary, by circttm8<jA“ibMi^|^^'y ^^ stflrJfaft Buss $ 
ginning at A measure the dimensioas ol JjMpitiitH titejgle Aik, 
which will measure the angle BA £. manned' ^e tri- 
angles Bab, Cdk,imX}, and g/E, meatonire the 

angles upon which these are formed. ^ 

Pro^rac/fon.-^onstruct the triangle Alh, and prodocO AiteB^ 
and A A to E, at B construct upon B a the triangle B a i, 

and produce B 6 as far as d; and mark : upon C das a. base, 

construct the triangle Cdk, and produce to D, and upon D / as 

a base construct the the triangle D ^ m, of which produce m 1) to £ : 
now as a proof of the accuracy of the work, D E and A E should 
meet each other in E at their measured distances from A and D ; 
and also, besides this coincidence, by nftdting from E the points g 
and /, the side gf should likewise exaddy correspond with its mea- 
sured distance, as this triangle measures the angular position of D E 
and A E. 

We have already, in Art. 27, stated the limits by which this me- 
thod of protracting lines should be restricted. 

SS. Ip a road is required to be measured, fix the stations as A, B, 
C, D, E, at the different turnings, but in such a manner, as usual, 
that lines can be measured between them, which may either be 
placed upon the road itself^ or upon the outside of it j as in this casep^ 
within the road. Beginning from A and measuring A B, the angular 
position of A B and B C is found by measuring the triangle a B A 
also the/angular position of B C and C D is found by marking out the 
pe’rpendicdlar c d with the c^s staff from 400 on C D, apd finding 
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]^ifM!liced. The sane operation 
)‘4^f,lllltgtilar pontien of C D and D E» 
iftwipa* 3S the perpendicular e f, and 

line of oontinBedy which together 
cental tuid od&ets as shown upou 
ient data ibr planning the road A B 
ly he aiqsBed to any otiber crooked space 
iSiB or rieekB, as represented upon the 


t lir the leregoing artietlli^!t9ten*is ^!V6n that whidi I considw as the 
heat practice ai mcasunniH' hnd with the ^ain only, and throughout, 
tttoh necesjNuy remarks anA limitations to' the several methods, for en- 
suring the greatest aocmiacy of which such operations may be capa- 
; for as already obsert^4^)^. 7.)* such suppose the surface to be 
measured almost pexfecdy emooth and level, and as this can only be 
case partially in whati^lj^ country, the deviations from the truth 
will be proportional as the ojibnfn stances depart from or approach to this 
condition. However, it must be allowed, that for the general purposes 
of business extreme accuracy is not always required, and therefore 
what is already taught in surveying may be made occasionally useful ;— 
on the other hand, the use of angular instruments, with the applica- 
tions of .Trigonometry as we shall hereafter treat, will afford the 
iptOatest accuracy, be much mm:e expeditious than the above, and 
-rqpplieable to every case, in many of which the use of the chain only 
is quite insuffident. 




OF 


SUPERfICIASi 


S4k Tmi measnrt of lafeTfloidl i«iUy^j| R «»wu k 
squam taansure, from a g^oaao oqM^<ii^| |>W ^ jp^ mo 
▼alent to miy othar Bgared sterfiMMi; H mt^ iotilgiti ilho 

same area of the irregnimr fi|fure I# iKBiA w the side of the senate H' 
be equal to 1, then its area, and also thM ciTitseqiiifaleiit I, wSt edaii 
contain a square unit, or be equal to 1% Ifhieh is one sqtinro yard, 
foot, or whatever other name the lineal ij |W| | [ a 8ure of tiie aide of the 
square is denominated: also, if the be enlarged In its area, 

this is always expressed by the number djf square Units which it may 
contain. 


35. Of the Square. — If the sideof a square be equal to any number 
of a given lineal measure, as 2, S, 4, &c. the area will be 2*, 8*, 4*, &c, 
that is, equal to the square of the quantity expressing its side ; for if I 
each of the sides of the square H , be divided into the same number 
of parts which express each of their AMtasures, and the corresponding 
points the opposite sides be joined, as in this case into four, then*^ 
the whole area of 1(1^ tmare is fonhed into 16 squares, each being A 
square unit of (htj jiiM||i|^jiilrh av| equal to 4^. Hence the rule, muf- 
tiply thejside into its(^'*o,ni thi^trodtief is the arets. 

‘JEjcampH.—^ReqaireA. the atha of a square whose side is 474* 







lin 


1i2d625 


JliOgaritlims. 
47Ih— S.67669S6 

|I056£5;=5.S533872 


^ P^a/2e/b^^wli»*--->THE same maj be shown of the Parallel* 

Ogrun as of a square, %rr ^viding the length and breadth of the pa* 
vallelogram K» as the side h into 5 and 6 into 8, then the whole area 
is formed into 15 square ttnit|» which is equal to 5x3, so that the rule 
becomes muUiply the length by the breadth, and the product is the area. 

-Required thi area of a rectangle, the length of which is 


366 and breadth 244. r 
By Natural Numbem. 
366 

244 U 
1464 
1464 
732 

89304 the area. 


By Logarithms. 

366 2.5634811 

244 2.3873898 

89304=4.9508709 


' 37. Of the Triangle.~-~-'E,\'AKY triangle is equal to half of a parallel- 

-'^-ttgram of the same base and altitude (Theor. 9.) : therefore iii the tri- 
angle ABC, the area is equal ^ or, msMyly the ba^e by half 

9 

ef <Ae perpetsdwtdar, and the product it the area. 



114 


Examph . — ^Requited thd area of A 
S25 and base 536. 

By Natural Numbers. 

536 
825 


' ‘i, 


‘ / 



00s 


2680 
1072 
_ 1608 _ 

2)174200 
87100 

Also, if the three sides be denominated by a, 5, 

A, then ^ S±^±S-i 

or, if S equal the semiperimeter (half sum of the 
A*= S (S-a) (S— 5) (S-c) and A=^S (S~ 

This useful formulae may be easily derived alge 
lowing manner *. 

o*= A D®+D C*+2 A I> . D C (’ 
c"=D C*+D B* (' 

5^=A D*+D B» ( i 

and a*+c* — 5^=2 D C*+2' A D . D t 

therefore ^ ==^15 C+A JD=a 


and 


a^-|_c* — 


2 a 


=DC 


but c*— D C"=B D* and B D« a*=4 A* 


consequendy 4 — 5 a a 

^ . - 10. - 

* For Geometrical Demonstration, see R >bortson\ V ivj^tinn, Vol. I. p. 
lie’s Geom^V, 6, 31, and Algebraical, Wo > lhi)usc'’s Trig laometry, p. 16$ 
Algebra, p. 2G4 $ and Leslie’s Gedmetry, Note 49. 

\ 


\ 

OT ; Twies* 
Simpauu's 




w* ■ 

^ numben 

-i^lidblr fium and difference, the last exr 
iditi« I 

(a-fp)*— ft*— .(«— c)* 

,v"-*-r s — ** — 4 — 


_ 0 + 04 -^ ^ <»— ft-fc 
c)* tf-f-ft— c <»4.ft-|-o 


£ 


£ 


a-l-c+i^ d i ' w -ft -l-c c — -g+ft-f-e 

2 X g .X — 2 2 

a+c+^> ^ a+6-f c j^J^-^b+c g+A+c ^ 

— X— -g fix— -g CX g- -g-A. 


'uired the area of a triangle whose sides 276 =g, 


By Natural Numbers. 

6 574 674 674 

37 276 887_ 

186 «98=S-a 187=S-6 89=S-<r. 

,1148 
674=8 
898 
4592 
5166 
48 

171062=8 (8-^) 



103)846 


309* 

1068)8781 

8189 

10665)59284 

58825 

106705)595986 

538525 

62411 


By Logarithms. 
Log. 574—2.7589119 

S98 ^3.4742168 

187 ^2.2718416 

89—1.9498900 
«)9.454S5^ 
^ 538S5-4.7271799 







88 . 

f^hich haM way two sii 
sum of two tkiwngleB 
(rides for Us busei ai 
aliitarie « «i, tlie txi< 
to Hhs sriboie figuse 

(Art. #r.)-££±^ 

the ha^ of t 
^Sutance), and the fro 



1 4 ^^ <wi .E Te3ty rhomboid or trapezoid 
as A B asid C B, is equivalent to the 
!''ailtiiuda» each having one of the parallel 
ih hstbUetO the parallels their common 
C B and C B B are ti^^ther equivalent 
\ and Cc is equal to B 6. Whence by 
^B h 

=the area* and the rule becomes, 


of the paraUel tide* hy the dltUude (thw 
Is the area. 

What is tfas area df the rhomboid whose parallel sides 
are 878 and 898, and the distance between the parallel sides 135 ? 


By Natural Numbt^ 
876 

674 - 

135 

3370 ^ 

8088 
6 74 

8 )90990 
45495 the area. 


By Logarithms. 

376 
898 

'674 Log. 


135 

8 

45495 


—8.8286596 
— 2.1303338 
4.9589937 
— O.SOIOSOO 
=4.6579637 


89. Of regular Polygons .— the centre and angular points of a po- 
lygon be joined, as A G, B G, C G, D G, E G, F G, the whole figure 
will be divided into as many triangles as t|ie figaro has sides, and the 
sum of all the- triangles is equal td the who|s areli^^ the polygon A 
B C B E F : now the area of each triangle Is tho sme of the polygon 
multiplied into the half of the perpendicular (Art. 37.1; as A Bx 



^=area of A B g] BCx^sll 

“ ” *• ''>4 

d G_ 


DGE, B rx?^=EG F,.a 

4 X « > > 


t 

T finding* tile area 


every perpendicular firon^ltlie eentife ttpCHS^i 
the radius of the inscribed circle, tiiey ai^! 
denominating the radius by r, the sum of 

O £-}»E F A >{;s Hence the 

* 

any polygon is, multiply the side by nieitiMr of ike sitfev, by Judf 
the radius of the inscribed circle^ and' the itu$„produet is the area. 

£!xample.~—'Beqaired the area of a besagdn, whose side is and 
perpendicular from the centre 199* 



s$£!iid' OF: but As 

»* 

^1^ ijded is equal to 
to one mother, and 
wiUbeAB:pSC:f 


i ^ 


By l^atural N^umhers. 


By Logarithms. 


230 

6 

1380 

99,.5 

6900 

12420 

12420 

137310,0 the area. 


280 2.361727.8 

6 0.7781618 

99.5 L99782S^ 

IWIO =6.1377022 


But when the area of a regular polygon is required, there are seldom 
any oth^r dimensions given more than the length of the side ; therer 
fore, to facilitate the calculation of the areas of these figures, writers 
upon this subject Jiuve pr^ared the following table of multipliers, 
by which the are4 eli saxy polygon having its sides only given, can be 
•pasjily fdund. 






0 4S80137 
lOOOQOOO 
* i.r«04m 
^ * ^.J598076« 
&e8d9lJ24 

7.^^88 
9.: 

1i!}90I594 


> W>" ■' ! ' ' ! >< » ■■ " i( i' i'l |» ' "* ■■.■i...,, I I . 1 

JfyptieaHan of ike Ta W$h^ S ^nitrc the value of the side, and multi- 


tibe 8<}uare by the mtdttiplier opposite the given figure, and the 
product will be the area. 

JE^xayiipA?.— ‘Be^uired tibe urea of mi octagon whose side is 395. 


iBy Katural NumbHre. 

395 

395 ' 

i695‘ 

660 

975 

105695 Square of side. 
4.898497 T ahular nuoiUip. 
7S9875 
911950 
429500 
845000 
£11950 
846000 
499500 


By Logarithms. 
895 Log. 9.5118834 


9 


4.898 


4 


9 


5.0937668 

6837673 

359 

18 

6 


510009.601875 the area. 


510009.6 6.7075794 



of tit 
tibe iMvimettv of 
of the &04 and tnH 
aend ao’tlie {wdnieter 
in ft' 0 iMiut niim- 
kbev of iMMkNi 
oomwQi^ to hhik, of 


40. Of the drd^^J* a mdb he 
her of sides, ftttd andthet polyij^dli.ilf t 
former be aleo described ton^inif ihe»‘ 
the last polygon 'mil he lesi than |he 
touch the circle at doable the number of 
of every polygon will be less, and touch 
ber of points than any pther polygon of t< 
upon the aame ^siliiele ; iae ah, c df€ 
the perimet^ df the polygons A B C 0 d c d and 5 c 

is less than h B-t-B e, and d e is *less tlutd'we+c e, and is less 
than jf D 4 .D g, and a A is less than k A'f'Ao: (for any two sides of 
a triangle are greater than the third) therefore a A-f-c J^g ^ 
+6 B+B c+d C+C c+/' U+O g 4 -* %.^A a is greater than 
a 6 +c d~\-e f+g h-^-b c~^d e-^J^g^h «: btrt: the first sum is equal to 
A B-f-B C+C D-j-D A, the perimeter of the polygon of four sides, 
and the last is equal a b^b c-f-c d-\-d a, the peri- 

meter of the polygon of eight sides : consequently by doubling the 
number of sides continually, the difference of the perimeter of the 
last polygon, and the circumference of the circle, may be less than 
any calculable difference, or the one be ultimately equal to the other. 
Hence the rule for finding the urea of the polygon applies to the circle, 
which is, mttlftply the perimeter (idrcumference) by half the radim, 
and the product is the area. 

Esaihple. — Required the area of a circle whose circumference is 722 
and radius 115. 



1 ^ I 

do^r 


{ * 


»r 


*Vt** *'■ 


•- r ► fiy i/^ritlims. 
4 '. 7f»^ — «.8585S72 

^ 1 ^,^ 1,7596678 

, 4.6182050 


* 

I ♦ ■* fi 

wjiien the dif|,iiietet oil^ i^ .circle 1, its 


« .4^AlM the 
Ali4 it Mik^ 

cafctlliiftxei^ 81.1415926 *, and by the m| 4 of the above 

rale, andtjunii^ 3.1416 of 8*1415926, we have S. 1416x1- =.7854 

the area very near; noWyflikecaiiee the diameter of the circle and the 
aide of its circimi8cribinji>^u»re are equal,' and the area of the circum- 
scribing square being 1* 84.) : the ratio very nearly of the areas 

of a circle whose diametex^^ 1, and its circumscribing square, will be 
as .7854 is to 1* ; there^p^ if the diametes.'W any circle be denom- 
inated by D, the followill||. proportion is given: as 1® : .7854 ; : D* : 
the area of the circle, or t^'^hile is, multiply the square of the diameter 
hy the dedmtd .7854, an^ prodtict is the area, 

Mxample. — ^What is the araa of a circle, the diameter of which is 
822. 


By Natural Numbers. 


By Logarithms. 


822 

822 Log. 

2.5078559 

^2 


2 

644 


5.01 5711 8 

644 

.7854 — 

—1.8950909 

966 

814f84i 

jSs4.9108027 


Car. over, 108684 


* ^See Leslie's Geomet^, 6. 32, aijf^BobertBon's Navigation, {y 103 



Brot.for. 10S684 
.7854 
414786 
518420 
829472 
725788 






-I 




Ths' 


81488.41#6r:H^ 8I«a. 

41. OfHej^Ji^a Circle,’-^ 
is to the i g fw fcirf ^ whole circle in \ 
to the w4kiI^ circumfeisence : for seqtcofs^ 
arcs are in everj respect equal (Ax. 44 )l^iiherefoFe, a denominatie 
the area of the circle, c its.circum&^nce$*<# the ared'af the'aeli:^, and 

^ f f A 

A B its arc, we have by proportioli, e 9^ : : A B : or, ? — . ss«: 



the seetol^di^a chrdbfy 
of ih‘e of <liho hdotOOt 
same t^holi^diatin^ lequal 


1“ 


but as the radius of the circle is necessi^ly given in the dimensions 
of every sector, which call r, then , 

a= ^l^which expression of the area if g|i|||^ituted in the abote formulas, 
X A B r X A B 

it becomes _2 ^ S, Or the rule is, mukijai^ the Or© 

c 

of the sector by half of the radius, and the product is the area. 

Example 1. — Required the area of the sector of a circle, the radhia 
being 250 and the arc 866. a 


By Natural Numbers. 

radius. 


\ 





45750 area of sector. 


By Logarithms. 

250 Log 2.3979400 

188 ^2.2624511 

45750=4.6608911 


s 2 



'1MW 

ctlrcttinfer^o^ but of i difiGe- 
sueb as the «o«U]non division 
^ltlgfri 0 e$f each of wbicili is again 
and aacb minute into 60 
tlia araa of a sector, 
in degrees, ndnntea and seconds, vrill 
«rs0 qf the einele m $mfU qf the radms^ 
of tkgre$$ M^me ^ the eector^ 
mhmk prodttei^Mpide bif0Si^ md the quotksM fBill.iktild mm, 

^ >^mmiq/lk"%i>mS9naAt iiJ|bdy||i^ .of ‘tbe seotmr, l3»e avc of «rbiob is 50 
digyoos andaalKus SX). 


If tlm ato if givtn 
rent measure 4^!bni t 
of tbe cbcld UmoB60 
measured JW^I 
jparts calletti,j|i|atiil^aidi^t 
the arc oi ^fii^ is 
be alteved tbus i Ju^st 
m»d mdiSf^ dUii 6f^ fi 


§if Natural KumbenKty, 
40 


40 diameter*^ 


“5555' 

.7854 


erf 

R 1" 




6400 
6000 
12800 
11200 
1256,6400 
50 

860)^2862,00( 174,586f|$ area. 
860 
26g§ 

2520 

“Tesg 

1440 


1920 

1800 



. By logarithms. 

40 1.6020600 

3.2041200 
,7854 .T.8950909 


60 1.6989700 

4.7981809 

360 2.5563025 

174.533=2.2418784 



42. Of the Seg^n^t of a 


then the area of 0m metmt 

the last artide t also 6nd the area dt 


the zadiiu of ^ 
arc a« the segmaiKt^l^ 
le which is &nnad by 
aubtract the last from tim 


the chord of tibe segment and 
first when the sagnusntif leas than a ^aoA the remainder 

will be the area t hat the sum theae the area if the segment 

is greater thaaai aegncircle. « \ 1 * 

Exan^de the area a segWIigit A D B £ A* its chord 

A B being im, Its height B £ 20, and am 128.7 *. 

. To find the r adi < u t n> * t < 

=E F, by (Theor. 18.) and^J-^BLlsC D die radius = 100. 
128.7 the arc. * 


50 half of radius. the chcNDd. 

6435,0 area of sector A C B B. } 4 0 half £ C. 

4800. area of A B C. * ‘"4800 area of trianj^e ABC. 

1635 area of segment A B B £ Au*^ 

Example 2. — Required the qrea oi the opposite s-gment A £ B F A« 
the chord A B being 120, its height 180, and arc A F B 499.0. 

To find the radius. 


=B E by (Theor. 18.) and ^F+B E j, radiusslOD. 

499.6 the arc. 120 the chord. 

50 half of radius. 40=B C— B E, 

24980,0 area of sector. 4800 area of triangle ABC. 

4800 areao|^BC. 

297SSP 

* * I have given hi diese examfil^ the dimensions of the segment onlj, as it is this we 

can alone contemplate in actual measurement, but not the radius of tiie*drcle, which is 
inaccessible in mort cases of practice. 






i fa^Tj f fnur ii •^■ 'j^^.4,aB< 





. V'V : '4800 



3M12*12 ’ 


'KV • 

♦. Y**^, ,'■ ' 


■-. ■ ■•• .r • ■ 

4Sm the ctttinor ring'^^. ~^fiace between two concentric circles. 

The of circular j^^ ABCDE F, is evidently the diffe- 

^ -the t^|’circlea A B C and D E F, which is ex- 
' 'fi i<^*xi7864 — J§i*>c.7854, or B C*— E F*x.7854 : but 

' F«wB C-f E Fx f I^E F t^e area of the ring will be 

or, multiply the sum of the tivo 
' iMameters ^ their dijference, 0^^.7Sd4t and the last product is the area. 

,. M the area 'dC the circular space between two cir- 

,cl% diameters respectively are 100 and 200. 

■}:''■ ' 2qb 

'■■•-•• ivo 

mo 

_ 100^ 
soood . 

. .7854n"' '; ' 


22562,0000 ^^j'-ar^SF;?! 


44. Of the JEUipse.-^-THK ellipse is the prpjection of a circle by parallel 





lines drawn 
to the circu 


ii«j|)ich it 

lei t^heai^lliif; 
rioj^ se^o^'oi^ 




to th^ di 


the 

iPPlii^te* upoia,4tl stnlll 
tW the dhuaeiw 
diametet of thip 
HKy^e: also, evexYi 


Ijprpircitlarrqllp 
p^neif mi|eQtp^ 

^ by lines draw 
^perpendicuh^r ^ the 
^n^icolar 

is oonstaii^^.teqiud: 
Hel drawn to.thitb^to:£- 


est diaragBl^iPjlP^ipse, is equal tu Iha.iame pTcJe«t^^«)^p^-^^ 
circle ; fbar^if £ O F H he M '^^action d$ the ' 

B D, upon another yl^e oblique to it, is equal, te A B, 

A B and £ F are diameters of the f^me jM|ind^ 
are the projections of a 6 and c djiken f^s equal^-tp' a 
equal to cd; because e f passes cylinder. at . t^.' yyna Alai 

tance from the axis as a and ^ A Ihej^lKiip as of, ^.^^.tb^alr 

the chord of the same arc ’as 'a 6, and g |^r the same u^'^d.. ( A-y^ 1 
Consequently the alteration made lip^^^a circle by /this .jpixojeetioil, 
can only be the elongation of its figurp^ the direction pf jdane 
of inclination, and which causes the fo|^tion of the dlipse,. j ' 

appear, after the same manner, that circumscribing squi^ '• 
circle, when projected, will be a rectangle circumscribing the ’ 

having its breadth equal to the shortest diameter, and its length, tbp' !: 
longest diameter ; whence we have, as^the area of the square a bcd^a 
to the prea of the circle A C B D, so tebhe area of the rectangle efgh- 
to the area of the ellipsp; or, as#l * : ,7854, so is the area of the recW , . 
angle to the ar«i|^^w|«dlipse, from which proportion this rule is d^* ! 
rived, multiply diameters together, by the de^ 

. Tnal . 7854 , aoM '^^^rndt^odtad U'the area of the ellipse.' 


The axis is a straight line passing through the middle^f every diameter of the cylinder. 






«liCRrteal diameter 


n 

'Wljf 


, yA 



aMftofililiei 


K 


msof.. 




4uk'^«to « 

' » 4 , > 

^ «ow treatA^siiie H^eas of simple figures, we shall, be^ 

« jffi^de^edini^ upon the fi>r finding the superficial extent of 

lUrt^e^ dbe different Usiasures in which this is found. 

*' *ill4 3dfbttd Measures, l^jtehtch the dimensions of land are taken, 
ii^arias'ltt oifihrent countrieiiLlHI with us the lowest measure is an inch, 
firom whitdi are raised all tbb other greater measures, as the foot, yard, 
and mile. In all parts belongil^tO Britain the denominations are near- 
ly the same ; but the respective vtdues vary according to tlie ancient 
standard of each country, as wiH appear from the following 1 ables. 





63360 . 8000 - 5280 - ^760 - 3S0 * 


* 1 ■; 

1 

8 I 


7V(5/e o/ JEngU$k SqtufN^ iU’easttre, 
9 feet - 1 yard. * 


2721- 

- • 30\ 

1 perch. 

4356 

- 484 

- 16 - 1 «hain. 

10S90 

- 1210 
# 

- 40 - - 1 rood. «- 

4*3.560 

. 4840 

- 160 - 10 - 4 - 1 aem, 

278781 JO- 

3037600 - 

102400 - ^400 - 2560 - 640 - 1 laSIt, 


Table of Scotch lAneal Measure in English Inches, 


Eng. inch. 12.065 ..» «* 1 Scotch foot. 

3A - 1 Scotch ell. 

* 29m^r^8k . . 6 - 1 laO. 

' 8928.1'* * 740 .r* 240 - M - 1 furlong. 

71424.8 - 5920 - 1920 - S2t> - 8 - ’ 1 mUe. 


T 



v%v|" , ; 

1 Uni 


RV H - 


^vilMioo - 

Eni^Nim; j 


d|^ih ^ 

''tvK* -if.t’;^-i/,f . W? A>*a mfle. 


»/ ' 


fligfe ^ jR»fa» .) <|i| ^ yamiw*i AA#* \ 

En*.'iiJk-mi09 • - 1^* B«k. n .. . . 

' , iJI^ 1 •q»«» Eng. mu'*' 

. n'M' ' 9.61 - 1 Sniiisdi^v; 

* ‘ S4S.96 - 86 > . 1 filL ' 

18638.41 -■ 1440 • ‘40 - 1 nwd. 

a^0l».65 - SJ60 - 160 - 4 - 1 acre. 

" ' TMtuflrithL Hfedsttre in JEnglish Inches, 

Eng* iiicii^ 10.08 1 

18, - 1.1# - 1 foot. 

, , 86. - 8-1 yard. 

' ' 4Mf«. - 26. * 21 - 7 - 1 perch. 

* 1008. - 100. V 84 - 28-4-1 chain. 

80640. - 8000. - 6720 - 2240 - 820 - 80 - 1 mile. 

Table of Irish Square Measure in JEnglish Inches. 

Eng. inch. 101.6064 - 1 link. 

144. - 1.417 - 1 foot. 


1296. - 12.756 - 9 - 1 yard. 

68504. - 625. - ’ 441 - 49 - 1 perch. 

2540160. - 25000. - 17640 - 1960 - - 1 rood. 

10160640. - 100000. - 70560 - 7840 4 - 1 acre. 

Note. Although it appears in the Table * of 6ootch MH i jMBP 4h»t thA chain is 74 
fieoteh feet, yet mostly throughout all Scotlaijd it ia used only 74 !Bnglish feeV, but .so 
8ir IBS I tan Team there is no other authority for this reduction of the old measure, than 
hang the custom of Laud Sur\eyor8, which likely has arisen from considering only the 
of leet, and not the difference of tlie nauodal measures. 


C 







inA by 





Tb. JtoMWtoi ft*, by SnelUiw 
The ^y Hevcliae '* ' -^ - 

The DtttjR foe*, by Mr Picart 
The Swedish foot, by the s^e 
The Brussels foot, by the same 
The Lyons foot, by Mr AuzoUt 
The Bononian foot, by Mr Caswni 
The Milan foot, by Mr Auzout 




\ . 


K . 


r *rw ^ 

now* 

^ tk-'l0a 

‘‘ u m, 

■ *19 *» 
'4M5 

.KV ' Aw 


The Milan foot, by mx Auaoui. . 

The Roman palm used by merchtote, (MJCor ng o " 0 779 


The Roman palm used by archite<Jta . 

The palm of Naples, according to Mr Auzout 

The English yard - ‘ ' 

The English ell - ' ‘ _ 

The PmU lune used by mercers, «cording to Mr Rc«t 
The Paris aune used by dxapars, according to the same , 

• _ MO ^ 


The Lyons aunt 
The Geneva 
The Amste: 

The Danish 
'l.’be Swedish ^ 


Auzout 



Picatft 


0 779 
iO* 014 
8^. 00?' 
40 , 

07 00 
4 $ 706, 
46 600 
46 070 
44 760‘. 

800 
24 900 
28 080 


•i 2 





Th^ IMMtIt, <P Antwei^^^ . 


K 


The Bmss^ ell 
The Buigiee ell 

The bfeee ef Bononie, aedllpiSiii^ pi Ausout 
The hmee uted by, archie||te in Borne » 

The breoe used in Borne by Merchants 
The Florence Ipace used by mevehants, according to Ficatt 
TheJFlorence geographical faxiace ... 

The va^a of Seville - . - - e 

The vara of Madrid , . 

The vara of Portugal ••• - ' - 

The cavedo of Portugal .... 

The ancient Boman foot 
The Persian ariBh» according to Mr Greaves 
The shorter pike of Constantinople, according to the same 
Another pike of Constantindplei according to Messrs. Mal- 
let and De la Porte . . _ . 


JM. 

Me. 


610 

27 

170 

27 2^ 
27^ 

26' 

V 



84 

27(5^ 

22 

910 

21 

570 

88 

127 

89 

166 

44 

OSl 

27 

354 

11 

632 

88 

364 

25 

576 

27 

920 


OF CALCULATING THE SUPEKFICIAL EXTENT OF 

LAND. 

46. It has been shewn that seldom the boundaries of land can be 
directly measured, hut is done indirectly, by station lines, and offsets ; 
which form two or more different figures the ground. As 

the first are commonly the sides of a triangle, ^abd toother that of 
a trapezoid, it is evident, the area of the field oari be found by 
the respective rules for these figures, wl&ai using the raeasurf>d di- 
mensions Q^y* 



fjw 

JF^xample l.«-~lro find the axetk eg 



hff ofisets, within thw 


boundary n A £ e. end etation Ikft a F £ ^ ^ Bttglish measure. 

^ 5'riangle, (Art. fi7.) ' A I* >cV Fte 15 x lOrr 150 

AF + 5^,x 15 -f »5 X 120-t 4800 

'5^ + cA x|r +.17x110- 4630 

c h ^ d i x5a:;*i7 + 50x 70== 8390 
d » + E Ar X * IS*= 90 + 10 X 218=: 68900 


(by Art. 88.) 


Triangle, 


E£x«K= 


ini' 


i + 


10 X 15= 150 

2*)769 o' 

* - 

Acres, 

Bcode, 

Perches, 


Area, 1 Rood, 21 Perches, 19 Yards. 


*88455 

4 

1.58820 

40 

21.52800 

36 

316800 

158400 


Yards, 19,00800 

If the line A E is curved, which is very often the case, the con- 
tents will be more than the truth if this is convex, but less when con • 


cave, towards the station lines upon which the offsets are taken, by a 
small, segment which lieth between the boundary and a straight line 
if joining the extrei^ties of these upon it, as the segments A. mb 
and C 7 t d ; whence it appears, that the nearer the otifeetA 

are taken to c)#|jmt>lher where the boundary is curved, the area de- 
rived* therefrom will be nearest the truth. 


* It IS here the seme to divide the sums of the trapezoids and triangle^y 2, as taking 
the half of each psparately, acuirdaig to rules of Art 37 and 38. 



4 


t$o 



Ji i ft, ‘Vi r * 

Kote* — ^Any «iiiii of UiAptB ye0tily in^wsei to W«s* &C. 

as in tbit mmfi^ of BniM jMso^ ^ tW ri^t 

band 5 6guxe$, ot dividi%^^ ofoqmao li^^ 

an acre, and those upon dw0^^prew ^ s^s Tin 

same manner, bAct miAiiijMijtg tW 

40 for perches, and d6£>r |4|As, ire shall have the^^lpjaiid ^giiltrc ^ 
pressing the acres, roods, jp|||^a« and yards ; ibr the rig^t'teia'^V 
are constantly the decimals df these measures, which alter having 'ex-^ 
plained, we ne^ not repeat this operation in the following examples. 

Example 2,— Begnire the etna, of the triangular field A B C, in 
Scots measure. , * . 

Find the triangle a b c, hytheSld^Ex. of Art. S7. =70824 sq. links. 

10 ^ 20 X 420 = 1260 
Trapesoids by Art. 88. IT x = 14490 

u 1^+14 X 476 = 17100 
10 X 81 = 310 

20 X 28 = 460 

17 X 27 = 459 

26 X S2 = 800 

12 >e 40 = 480 

14 X ^0 = 420 

2)36779=17889 

8 Roods, 21 Falls, 4 Ells, = .^8213 sq. links. 


Right angled triangles, by 
Art. 87. 






In the above example there are some dimensi^^ more than mere- 
ly for constructing the figure, as shown by thfil'iajlll^linal measure- 
ment of SO. 31. 23. 27. 82. 40. which are necessaii|M|Kifidiiig the a- 
rea of the small spaces left out on the angles by tlutlsiets, andirhich 




more than two, these form the more great triaiig^0e» 

from which, ofEsets to the axtjgolar pc^^^Khe field, are measured 
^ nerpendicular by a crosa , ftaff.— This .hS^ment I have already 
tvn should not be U8ed.fi3r Icmg ^7 degree of accur- 

^»d it would be quHe uijlt^S^isBaiy to give the fol- 
this not to shew a ^ 

JE$ettt^le 5.-->Find the area of each afi^T'three fields, within A h 
'ik B / from the following dimensionSi upon only one leading 

line A B. 



ice. 


A B = 921. 


A c = 140 ■ 
c = 825 
d e = 40 

e n = 12 

n y = 24 

/.g = 264 

gB = 116 




■’ V' 
% 


OffM^ 

?■ 


cA = 845 
' Jl = 836 
e t £: 403 
f m ^ 26 

g^ = 318 


To find the A- 
rea of the field 

AcxcA = 140ic845> 
c f X c h ^ 401 X 845 ^ 

= 186645 

A h m 1. 

c n xfm = 37t x 26 = 

9802 


A n X = 617 X 226 = 

116842 

\ 

w 

2)818^ 

Area of A h m 

/, 1 acre, 2 roods, 10 perches, 22.7 yards. 

1.56644 


* When two unequiiil ^NStitities are taha multiplied by the same quantity, as 140 
and 401 by ^45, the result deflired will be found by adding the two inequal quantitie'^ 
Togcthtlr, and multiplying by the common multiplier. 



. 


Ta <MI a* Ana 

«ribe«da<inftB. 


Axea of / ffl ^ Bf s t ' 



f«fP!>#^?^K8S6- 91804 
, * Ml jle «6 ^ 7488 

Mr k 818 88952 

' fe! J|4^’**'8J8 0— 88868 

V'’ . ' 

pS p«c)ua, 2S.4y«rd*:'!S)i^^':\ 


To find tlilB 
Area of the field 
m h i k. 


1 ; 


tW9k% f X c < = 748 >< 865 — . *«78^^ 
e X e^= 721 x 800 — 216800 

^'8«htract 489820 


,-f /y X c*/= 371 X 401 — 148771 

* HK i xj^g ;= 344 X 264 — 90816 


.Hi, A 

ii*' 

1 

4 * 

Area of m A • dr, ss 1 acre»» J39 perches, 28.8 yards. 

239587 

2)”249783“ 

1.24866 

" . i 

And the coUdctive Area J 

A. - 

R. 

p. 

r. 

1 

2 

10 

22.7 

of the three fields is 

1 

2 

15 

25.4 


1 

0 

39 

28.3 


t 3 

3 

26 

4.4 


By the above method it is almost constantly necessary to produce 
the perpendiculars across one, and sometimes two fields to the oppo- 
site an^e, which by reason of the imperfections of the cross staff, reii- 
deats atich measurements quite unfit for constructing a cor,rect plan ; 
beskies it can only be used on open and very level lands ; for if oth- 
erwise, there will frequently happen interrup^Oi^ljto the measurements, 
if not made wholly impracticable, oi^ thfose most desired, 

front intervening trees, houses, and sarelling Wwofung grounds, like- 
wise hy which the point of intersections upom the leading line cannot 






be directly found. Alio wlMd^ver » upon the boundary be- 

tween the perpendicuhnfft) and as thif %ffkitlin«ave or oc»iveH towards 
the leading line^ iriil oynlfe an error or excess by the seg- 

ment fQcir^aiiieid upon ft:» $o tliat h^ dbiif^ethod all the boundaries 
tfonjid i;M{i] 4 inS,io be sfbraight lines h0!m^ the pes|^e«idiculars ; for it 
he eiipeiqllBd of ^hose who are in ^hl(,ie^oticei ran take the time 
' oTknll^jing the ofisets so near each ot|i^ to avoid this error, as can so 
e^K^y he done, when the station line near the boundary. But 
with all these disadvantages, I no doubt there are practi- 
tioners who may set foHh waye an of overcoming, or at least 

presume to render supch operations Jw^^fnjSci^Uly accurate, however, 
unscientific, and slovenly it may appear to others *. 

48. Before we can give a rulelbr accurately the respective 

areas of two or more fields together, fthll . a series of iariai^les covering 
the lands, and the dimensions of ^bidt #ill also construct the plan as 
shewn in the last .section, it is nepessarfrto demonstrate the following 
theorem, which 1 have reserved for this jj^dai^ as pertscul|udy ai^icehle 
for the purpose. - * 

Theorem — Triangles which have a common angle, are to eadt 
other as the rectangles of their coittaining sides. 

P'or let ABC, and D B E be two triangles, having 
common angle at B, and denominate AB = a A.C — b 
A E = </ and the perdendicular E p, 
then we have by Theor. (9). a x p 


the same 
DA =rc 


2 

exp 


= area ABE 


area A D E 


* Thow who wish to see several examyiles by the emss staff, may consult Ainslieh 
fjandsurveymg, pBjgp 9^ 'Crocker, Nicbet, &c. 

v2 


I 



t 'ftmi B D E : : a : c 
: aren B D E : i 6 : 
ana B E ^«^ea B D £ ; ; n ; c a 

ariirB D C i la^ea B D £ : : c ' 

wherefore B E : area B B C : if ; ^ 

and consequently n»i||>rea ABC : area BDE:<i*jeJ*^> 
Cor. 1 — Hence triangles having one common angle are iw'ihe ^ ' 
ference of the squares of the half sum, and half diiference of the contai- 

• ’3 r 1 ® + •<* ^ 

mg sides, for a 6 = — ^ " s’ 7 

Cor. 2.-~^A1 bo similar tihilagms are as the square of their homo- 
logous sides. 

for A B C t A D £ : a ft : : c £? 
but a ; e as ft : d for D lij and B C are parallel. (Theor. 16.) 

hence AlfifCtADE:: o*:r^ 

< 

Cor. 8.-— And all rectilineid figures are as the squares of their ho- 
mologous sides : for dividing Uteseeach into similar triangles, viz. A, 
B,C, D, £, and A , B , C', D , E^ $ and calling the homologous side 
o^ ''ach triangle, o, ft, c, d, e, and o', ft , c', d , e' : by Cor. 2. 

A ; A' ; o* : a" 

B : B' : ft* : &'* 

C I C' : : c'* 

D : B' : d* : d * 

E : £^ I e* : e'* 
and A : B : : a* : ft* 

A : C : : a* 

A : D : a* : d* 

A 5 E : a* : e* 

arherefore A ; a* S ; A + B + C + D ‘f- £ : o* + ft* + c* + d* + e* 


therefore ar^^lilLlB E 
in the same manifit% D C 





and A+B+C+D+E : fl^-f-6^+c*+<r+c‘ : a'*4-i',-^ , 

c'»+rf'*4-e' ^ V » 

and consequaotly A+B-fC-t*DthB tjA-f-B+C+D+E t a* i a* 

■ I ; ; ^'* 

■—■ — ■■ : c° ; c'* 




> y " ' * : d id'* 

By the Theorem we have the following Rule for finding the an- 
gular portion of the area of any j^angle, which is divided into two 
parts by a straight line, whhn th^ ditUnce of the intersecting points 
of this line, upon the two sides ;^i^bnl |:he angular point are known 
Multiplif the area of the whole trianfd^ by the distances of the inter- 
secting line upon the sides from the tts^gular point , the product of which 
divide by the product of the sides% and the quotient will be the area of 
the angular portion* i 


Example 7. — Calculate the respective areas of the two Fields, 
A and B. 

To find the triangle a b c* 

646+358+663 _ ^ 2.9209056 

2 

Difference of a c = 187.5 2.2730018 

of 5 c = 475.5 — 2.6771505 

— of a c = 170.5 2.2317244 

2)101027818 

^ ^ w Log. of {urea = 5.0513909 = 112561 


To find the triangle a c d* 



riffer«ttoe t>f 0 tt; ir 


■ A wAnyiMaAg 

of rf tJ a 

o£mti Si «77.yi-^ S.d7^14 

«)10.S56229S 


Log. oflSea, 5.1^81146 — 1S4S1S ‘ 


To fiuA the angnlat portioii« tt^ef and cfg. 

Log. area of a 6 c ae abota, — 5.6513909 
Distance a € s= S76 - 2.4409091 

Distance af 333 2 5224442 

10.0147442 

Side « 5 * 646 S.810!S82d 

Side a c s 668 — 2.8215135 

I I I . M , 5.6317460 

^ 4*3829982 s 24154 

Log. area of a c d as above is 5.1281146 

Distance c/ = 230 2.5186139 

Distance c g r* 282 2.4502491 

1009 ^ 877 ^ 

Side c o = 668 2.8216185 

Side edm 672 — . 2.7573960 

5.5789095 

4.5179681 

By inspection of tbe figure, a e g d = area a area a 5»c 
areac/g. : 



139 

and 44154 

area'll ^jA«lS4S12 

’‘'ji; 158456 

Subtract area m S2958 

Area aeg dm 125508 

Tf 

(276 X 6+ 7) = 85^8 

( 10 X 6 + 7^‘ = 120 

Add Trapezoids, (481 x 10 + 10) = 9620 

( 10 X 8 + 8) « HiO 

(570 — 082 X 8 + 10) =? 5220 

'» l’870a~ 

• 9354 

Total area or Field A, = 1.8486? = 1 .. 1 ..15,7 

In the same manner e b c g - area ''f g ^ area a b ( — area a ef. 
and as above, area efg = 82958 

area a 5c = 112561 

^ 145519 

Subtract a ef = 24154 

area of o 5 c ^ = 121865 

(282 X 10 + 12) = 4816 
( 12 X 6 + 10) = 192 
Add Trapezoids, (358 x 10 + 10) s 7160 

( 10 X 9 + 10) = 190 
(642 — 276 X 9 + 7) - 5920 

2)18278 

^ 9189 

'Total area o:^ Field B,. s 1.80504 = 1.. 1..8,8 



After the same mmOi9Sfi 
may be calculated, as Field \ 
^fci , Field B=€»^ 
chk-^abc*-maghs 
shewn above. 

Where it has been ne 
sides cf a triangle a^,f i, it'l 
can be fimnd from its thre 
bove rule. 




areas of three fields A, B, C, 
figtoa is equdl tone f a c d 
*?*’’** c % At ; and Field C =s 

the oSiiete belonging to each as 

tor measure between any two of the 
vious that the area of the triangle y|c « 
now given, instead of using the "a- 


There are cases in which it may be necessary to take some di- 
mensions besides primary' trian^^s v but J^hese will vary according to 
the relative position of the femms with the sides or station lines, as in 
the three fields D, E, F, where the measurements g J\ g h, arc 
additional for finding the area of the small triangle g hf, as 
Field jy ss a b i 0 g hf — elk — c if 
Field E = c » 6 4- c i^4- c h k g h f 
Field Y^leh^c e4— ^hk 

When besides the primaiy^i triahgles, other lines within these 
are like\tise measured for delinei|mg the boundaries of a number of 
lots, areas or buildings, by which the triangles are divided into irregular 
polygons ; the above rule in this case is not applicable for finding 
the respective area of each, without such be resolved into trianglcvs, 
and the additional measurements as last shewn are also made, whereb}' 
the whole figure is divided into parts of the triangle, fit to be calcu- 
lated as above. For this purpose it is not always necessary to make 
these, actually upon the ground, but upon the plan after delineated 
by the field dimensions, when such additional lin^ may be drawn 
and measured by the scale, which with those actually ihcasured upon 
the ground, the respective areas can be found. 



% 

49.—- Hertofore 1 have only aheitu tha .|i^Hiil|iod8 of calculatioti of 
areas by Natural Numbars and Liogamtldailtll as the first causea 

a multiplicity of figures both tedious and, j^yiSmto error, and the oth- 
er is not applicable for adding the producta»df , quantities, which is a 
continual operation in the calculation of aiNMMIr^ I have here following, 
given anpther method by the use of a Table c^yjjBuare Numbers, which 
is peculiarly applicable to the last purpose, aiMWfequiring only in the ac- 
tual operation for finding the sums of the pro^cts of any number of 
pairs of multipliers, the addition and subtraction of two sums. For 
facilitating this method of calculation, and as particularly useful to 
Landsurveyors, I have calculated the foQowhlg Table of Square Num- 
bers from 1 to 8000, 



2Mle of from 1 to 2000. 
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t$k0 Table. 

If it iawqwred to dPuny number below 200, as 

169, this is always fouiiat||^^^|^ at 2S661, after rejecting the two 
cyphers upon the right same is found opposite No. 16, 

in coL 9, and of every niii^W^ l»|g|o7r iWOO the a^uaxe is in the 

column of the number of hand figure, and opposite^ num- 

ber expressed by the rem«8^ figures upon the left, as the square of 
1786, in cel 6, opposite No« *78 is 3189796. But if a decimal is at- 
tached to the number requix!iad, as 1786.6, the following rule may be 
used. Add to the square of tibe integral qumber, the tenth part of the 
product of the integral number and twice Vhe decimal, also to which 
add as a decimal the square ^ file deeimal, as 

the square of iT^bythe Table is 3189796 

1786 x 6 1071.6 

• .3 squared - .09 

squlbfi^tlf 17.63 = 3190867.69 

If 17863 be required, the operation becomes the same, with the 
exception only of the decimal point which is now rejected, as 319086769 
will be the square ; — ^whence it Appears, with the use of the above ta- 
bles and rule, we always can find the square of any number below 
20000 . 

Example 1. — Required by the table of square numbers to find the 
product of a 6 a = 348 and h = 236. 

By Cor. 1. of (Art. 48.) a i ~ wherefore 

the operation of this example. * • 



9 


M9 


a-^b \‘ ^ llg =: 56 the 8^^m4£ l»y Table = 8186 

2 / "^ 2 the diflwr^b i iS w II^ ' > - 1^128 and 

product of 348 x 286 aa xe i | iid»8ll | > 


Example 2.— 'Bequired by the Tftblef sum of the products of 

247 X 245, 286 x 458, 869 x 169, 288 ^74. * 


Multiplier. Sums. HalfSumi. Squaref. 

492=246 - 60516 

694=347 - 120409 

• 

/ 

538=269 - 72361 

409=204,5 . 41820,25 
295106 



Half DifiEerences* 

Squsjres. 

2 

1 - 

1 

222 

- Ill - 

12321 

4200 

- 100 - 

10000 

61 

- 80,5 - 

930,25 


2 »^ 


247 1 

245 

236 

458 

369 

169 

235 

174 


Subtract _23262 , 

Sum of products re- 7 271354 p 

quired, . j * 

Tt appears in the above, vrhen the sum is odd, as 409 , the diffe- 


rence mast likewise be odd, and the decimal .25 is produced equally 
on both sides, which therefore may be rejected in the additions of 
the operation. By taking the squfires of the sums and differences, in- 
stead of the half sums and half differences, and dividing the difference 
of the sums of these squares by 4, will shorten the above operation : 
or by using both, the one may be the proof of the other *, as 


* It is satisfactory to observe, that the greatest confidence may be placed in the 
above table, as these have been fully proven upon the proof sheet from the press, so 
that the pi opf only now required, is upon the operation of addition and extracting these 
squares ^om the tables. 





Squardf. 

4 




49984 
40000 
3791 
93009 

4)1087416 

The sum of the pio- 7 
ducts as before. 3 

60 —As the dimensions for constructing a plan may be always fewer 
than those for calculating the area of lands, from this it is the com- 
mon practice in extensive surv^s, to take such dimensions that are on- 
ly necessary for planning, and'dlerwards by the scale from which the 
delineation has been made to find new dimensions, whereby the superfi- 
cial area is more conveniently calculated than by the first. It is 
evident, by this method, the area of the superficial extent depends 
wholly upon the accuracy of tne delineation made by the first dimen- 
sions ; the manner of taking which, has been sufficiently shewn under 
the section, so far as regarding surveys to be made with the 

chain only. 


tm ; 



1180495 

93009 



A coramon meihod of delineitkM, 

is by dmding each field scale meaeitrl8||f ' 

tbe base and perpeAdiciilaar'^^'^*cb ^■wH^^lltakiiig tbe ccdlectit^ ' 
contents for the area of tba#!ipi^ c9n|^H|Kp|n&, these coitmi m in 
the field A B C n^easure^by the A B, and ptBtrpeadi- 
cular C C, and base A 0 «bd, jper^iihldlni^^^P' whidi after being 
calcidated according- to Art. giTest^nW . 

When one or more df> tbe sides of w fittW is curved or ‘crocAed, 
as the side A B, it is necesary to draw a^^etraight line, making e-» 
qual areas on both sides betvi^en it and the crooked line and calculating 
the field as above, after having taken the dimensions upon this 
straight line as its boundary. / 

The manner of drawing a straight line so as to contain equal areas 
on both sides of a curved or crool^ line is sometimes by surveyors 
in practice, done by judging with the eye, till the space upon each 
side of it appear equal ; but where acci^^y is desire^ the follow- 
ing method should he used. 

If it is required to straight the cro(Aedline A B C by drawing A D 
from the point A, to meet another line C D which is at any given 
angle to B C ; first draw through B, the slraiglit line B D }>arallel 
to A C, and meeting C D in D ; then join A D, which will be the 
straight line required ; foi the triangles ABC and ADC are equi- 
valent by Cor. 2. Theor. 9. 

This problem may be applied generally, and. to any crooked 
line whatever; as let 8, T, 6, 5, 4, S, 2, 1, I, be one of the sides of a 
field which is required to be straight by a line drawn from the 
point 8, and to cut the next side, tbe direction of which is I K. 
Fi^st cut I K, by a line through 1 parallel to 2 I, and mafk this in- 
ietsdetion 1, next cut I K, by drawing a line through 2 ; and a paral- 
lel to 3. 1, and mark this intersection 2, again through 3, an^ paral- 
lel to 4. 2 cut I K, and mark the intersection 3 ; also make the 


Y 



4 

interseetion 4, 
rallel to 7* 4 ; And 6 t|| 
whicli win be the lin^j 
If the line represeilbj 
ceMfuy in thU case to 
lines hy the eye^ but ei 
avoid any sensible m 
wards resolving those ini 




IL d t end 5 through 6, pa> 
ha 5 ; and lastly join 8. 




\ « 


jB < 6 1 ) £'F, it becomes first ne- 
Ifo a ^^jartain nn|pber of straight 
cbihoijliilg with the curve, as to 
gift's c, dB, B^:* EF, and after- 
tdraight Une A H, by the above method. 


51. Thb second method Ofdculating from the delineation is by 
drawing parallel lines at distances from each other cover- 

ing the whole field, and upnini the extremities of each parallel space, 
straightening the houndamHty a p^nMmdicular to the parallels ; then 
taking the lengths of eac^jlpaxse, aspivndding them together, the sum 
of which if multiplied by ||be common breadth will give the area ; as 
let the area of the held A B be required. 

In laying off the parallelpll|l^ will save the trouble of straightening 
upon one of the sides, if thiraf are drawn perpendicular \o that vilncli 
is a straight line, as I) B, by Which the side A C, is only neccssai^ to 
be straightened upon each parallel space, by lines drawn parallel to 1)B ; 
but as it is common that the angles made by the fences are not often 
right angles, there will be angular portions both taken in and left out 
by the outermost parallel lines, which must be calculated sepai atel^ , 
and added or subtracted to the collective area of the parallel spaces 
as the position of such requires, as the triangle C D D' must be sub- 
tracted, and triangle A B B' is to be added ; as 


* By thus numbering tlie angles both upoii^the crooked line, and K, llu r noi 
of not dra'viing through the" two diiglcs it> cas.ly a\oided, fbir tins is always i!i 
lying betw^n the number upon I K, and that upon the crooked line , as iln. 1 hl (’ a \ n 
ttirtnigh 4 IS parallel to 5 and and the iiitcisecnoii this is also 4 upon 1 h 



7 



th<e comsion dist^nioe, , 100 

.Tfeoooo 

Add ABB' 2760 

/ « 

f ’ ft5ft760 

Subtract CDiy ^ggg 

X 

Area of A B C D, = fi4r872 

IP it is found after the parallel lipee^e drawn that the boundary 
is a straight line between each. The flowing formulse may be used 
for calculating the area of the paraBdi Spaces, where o, 6, c, d, e, ^ de- 
nominates the respective lengths of the parallel lines, D their common 
distance, and A the collective area. 


A=(— ^ + * + c + <? + « )d 


, / S84 

2)529 
'204.5 
6 272 

c 236 

d 306 

e 270 

^ 1848.5 
D 100 
Area, s 184850.0 
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rm curve, and the number 
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116 
1^8 


118 

12^ 

140 


864 = B 
4 


380 =C 
2 


1456 -4B 


760 =2C 


52. One of the best methods of calculating areas frbm the plan is af- 
ter straightening^the irregular boundaries of any figure, as AB C J) E is 
to draw lines through every angle parallel to one of the sides, an BB D 
D' C all parallell to A E, and afterwards intersect these by a per- 
pendicular line, either within or without the figure : then by measur- 
ing the lengths of each parallel line wijthin the figure, as ^ E 356, 

'' ' . . 

* Tfiis IS not a pofect rule ■ but a very near i^proximatton. See Dr Hutton's * 
1i(«nsurakioD, page 374 



S SSSf D se $ 96 } 
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calculated by Aft4$ s^jlNi , 
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cular th^, 
dimexieiona o^«44e 
‘1« 1) C D'} whicli 
A B C JD £, and if 


IK 


18010 

♦i** ! * " 

65900 5 


Totfd Area, / 

This method haa considerably l^vaail^ in practice, over the me* 
thods of triangles, by the facility of pvb^g the dimensions, and of 
equal parallel lines in having fewer ;• as i^e sum <A the heights of 
the trapezoids, and the whole line a should be exactly equal ; 
next by taking, the half leng6^ of, ||^e first measurement of each 
parallel line from the scale, thi^i,^ould step exactly twice its 
respective length, which together nJbrds a complete proof of all the 
scale dimensions. AVhereas in the method of triangles the perpen* 
diculars of each are upon their respective bases, and may be proven by 
a repetition of the same measurements, but without a proof in a collec- 
tive sum as in the above. 

It will appear obvious in the calculation of areas by the scale, the 
fewer dimensions which can be used, and these proven collectively in- 
stead of separately, that the results will be nearest the truth ; for there 
are two sources of error when calculating by the scale in the way of 
perfect agreement with the tfue content as would be derived, if pos- 
'sit)le to calculate the same from the dimensions by u hich the plan has 



beek> contttirfMBM l| 

the oiW ||^«ir7nrsy 
from. th« mckiatt <ji the 
the meeijagsi^eftte mi 
greeteir than if thereon 
he mreroomc hy proving 
an equal divided sc^le ; hia^| 
especially the mmre lines 
^ * fimides the means of e 
to ealcnlatibns’inade upon 
power^ <)tf this substance b; 
whdle Btiirfaceof the plan 
of either of those states of 
out to all saryeyors the n< 
liable to dampi but which 



j^lnssiciiracy arising in taking 
out ibr calculation, and 
rjx^leiiigdmraexaody 
eiiS^^eiii^ties, by which 
ll^la^Sf and upon the other 
i^se iheans of error may 
».th'e peipebdlextlltrs e<^ectively with 
,>other will always arise to a degree, and 
ajrd^ipmploy^ in the calculations, 
stated, there is a third peculiar 
lich Is the expansive or contracting 
kois^a^ ^tyness, which may alter the 
' jnli^ it is exposed to the extremes 
i3lphere ; which circumstance points 
of' having an office not in the least 
^ In nearly an equal state of dryness 
throughout tl|e year. This ly^^ShfeWs the necessity of having one 
line marked out to the whole ui|j^b of the same scale by which the 
plan is delineated, and upon the^ame sheet, to which an exact refe- 
rence of >the expansion or dimiUtttion above or below the original 
scale may be always made. 


r*'wl 


5d. In Art. 4, I pointed out the method of finding the chain er> 
ror, and now answerable to which I have calculated the following Ta- 
ble for finding that correction in superficial measure for every acre. 
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t;h Measure and £n^ 
^ inches and tenth 
^^1^ ehain ; the second co«' 
' f#Mng to the Arst ; the 
M|tji^rfi«^ .measure expressed 
hvery 'ii^,»anet;rAag either to the 
.thtee i£ each Table is the 

18 of ilie chain. 

^ntf of which the calculated con- 

N 

trement toade with a chain 74 


m m 

Vble of Scots Meas- 
y^l^es plus 74 feet upon 
lifcuUtedby proper - 


Am 

46 


R. 

3 


p. 

10 


0 : 1 : 8.87 


tioQ, lot W : S : 10-— is ^ 

True extent, - , - - 47 : 0 : 18.87 

' Example 2d. — Required the true extent, of which the calculated 

A. ». r. , 

contents is 23 : 8 : 35 from Mpasurements made with a chain 
inches minus of 66 feet in £ngmin Measure. 

Calculated contents, - - - 23 ; 3 : 35 

Superficial correction by the Table of English 
Measure for chain error 1 inches minus of 66 feet, is 
upon every acre, .482 fall which calculated by pro- 

A* Rl* F. * ^ 

portion for 23 : 3 : 35 •— is 0:0': 11.55' 

Truw extent, 23 : 3 : 23.45 
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culating the supexi- 
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In the case ^ere the chahari 
Table, the folloffing Ibninilaes 
ficifd correction, afW denoittiiuiliag 
hj a, the chiun error by and ^ C^^e 
chain error is below or shove 

Example* Find the saperficud oornSoh^ for the chain error *of 5 
inches, or .518 links plus, Scots measurt^^^ 

a s lj||0( Mnka. V 

* so 

y 

^^9000 ^ 

» # ■ 

1086.00C^j;4 
10 5* a 2*60lt^ 

lO&8»0M^ipex&ciBl correction in square 
links to he subtracted for every acra^'^ 

If the same chain error be mint^, then 

a = ICv links. 


20QP 
d = .51$ 

1086.000 

• 10 ft * = 2.688 

1033.317 superficial correction in square 
links to be added for every acre *, 

9 9 

r. I. 

• * * Cflbserve in laying out ground with a short Chiun or error minus, ai 74— 
the quantity wanting of the true area ib of the sani" sign of .tlu < liaiu as m fins, 

1.041 falls, or SO a 10 6* , and li the coiitrai v oi 7.^ ^ iht c\cv!>^ Ian: oF 
will be 1.044 or 20 a i + 10 6*. ^ 
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54.— It will now 
considoniblk 
neceraary Ibr consi 
giTcn in Art. 5^, -fip^ 
xnaflced out oii||inr by 
more pnitioiiln^ to 
ing the areaSf we flhall 
and Fanut the plan of 
mMsurementB and offsets 
As upon the figure, the 

c B D, € B £, £ D F« E’ 
^nadnlateral F I JBt H. The 



the measurements of any 
^'iMflvtnitilt to make only those 
juiplilf wards by the methods 
^ tie# «^'of the fields or plots as 
Sit 'of the wmd or its fences. But 
the advanti^iea pC this mode of find- 
Allowing adl^iud survey of a Villa 
wholly conatxucted from chain 

triangles measured were, ABC, 
> G H, B L I, L I K, and the 
lit £ upon the straight line C 6, 



NKmftwTy lines besides the primary 
were o F, 5 c, d e, fg, and h g, 
within C B D. 

IT# t ^ 

.|liangles, the sides of these afford 
to the boundary, for calculating 


~ .. ' ■ 1 ^ ^ V'iwww “ ' £ FG, were comprised 

m the qiiiMb;||MjNmd C BF G. 

tantngles cmnpleti^jl^ 
jSl 'within 
Fr0mth4e.fi 
sufficient 

without a plan the whole area of the : hut this with the subsidiary 
measurements, are not enough for dOenlating the respective areas of 
all the fields, without the addition of a number of others, or Scale mea- 
surements. Hence it is manifest that'for constructing a plan only of 
many fields, the measuring may be much less than if to afford data 
foT calculating the area of each field respectively : for by the shortest 
method possible, had the difierent plots of this plan been measured so 
as to have given data for calculating each field, this would have re- 
quired to have measured every one after the manner of Art. 46. 
Ex. S and 3 ; or at least by Art. 48, £x. 7 and 8. 
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for to obtain a complete vedgeation of eU the pperadoot wSdi the hMMft, 
labour, that a dehneatioo of 
is to say, when the extent is 
we can construct the plan 
that which is requisite to find 
while this at the same time 
total area, which must be alwaj 
arc verified upon the plan 
ments of the plan, with the* 
simplest, and a complete verification obtained by their coUeobive odO* 
tents agreeing with that of the primary triangles ; wheareas, were eodi, 
field measured so as to afibrd data for calculating the areas severally, 
this would require in the event of making a calculation by one diagomd, 
another at least with the proof lines to verify it, so that this method 
under* every circumstance would cause many more actual measure* 
ments than the above, and two calculations from difierent data before 
the results could be considered true. 



therefirom, ‘aiwaya 


* • The proof lines are not shown upon the figure, but only those necessaiy for oonstront* 
ing the plan. * 
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mm alone, and without npy ^i6eai$on whaitM^' upon this; therefore 
wriwtever errors or omission* lh|^ tmeo committlNi in the measurements, 
these cannot be crarrected. ''' ‘ 
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Page the ihirdjhm i^ie iop^ JbrjyTFt read D, B# Ffc 
7, the thhdj^wn the hoftom, Ji»r D tead UW . * 

13, Imcjbufihjhom the Uip* Jtr bisec;! read tHse^ * ** 

14, line Meeondfrom Uu tip Jbr ABC, read A, ttyClk 

16, hne third firem the top^ Jh A O, indfdlsnidillfl^ iMItdMtft* read A O indefinitd^y 
Ih, Itne tenth from thi <(jp, Jbr ciitTimfeiKXlffi <« #vii» iiccs 

20, hnc tiffhthfrom the t<pn Jb» f, g : iead t 

22 Une ninth fn w thf top^ Jor b, C, a, e, g4 IWM? b* r, cl, o, f, p:. 

Ib, hne fowiitnih ftom the top^ Jbr A B, rimi A D 

27, line eighth Jimn the bottom^ and is panwl* '*fad and F K is paraPeL 
32, hne wenihftom the tojt^ A I f\ rtad A %* 

Jb, Urn seventeenth Jhmh the ttp^ for KK N« reed F N K. 

Ib hne twentieth from thi fhr Alj^f B Sndf nad A L» M B Vith thc 
Ib, hnt t’-tinUf$cteuih fimn ttu fnp,4®Sp l-W* mKCXiM* 
fiO, hti at Itottonif fin 42'i47 f «/d «w8(f7 
II hnt at ftfttmn, fo? 1 ^1, rtad I962t« 

5*1, (me niuftanih from luyiUmi^ fin 11^3(*, 

66, hm i’xcffth ftom (tottmi^ for 433, feeid 

6B, hne muth ami ttn*h fiom hrtt m%Jpnr 
7^1, lou tli»)iuth fitmi Iht top^ /ir B*B8, n 
8 , Iiw at iiitftWy fin ♦/vJ 11 F* 

Wi Ihn mith htmi fo//, fin 
90 Art ** * Jn t hm , fin ? K rrtrtfFll 
!Ki, All fiftf hm, fin I 11 F- r*od FDE. 

98, hn Vud fftn tin iittan , for nd 4-', read 135 and 142. 

10(1 lift th'ifuth fitw tt t ttp^Jor A C itad At 
lO'V, hm fi tilth fttni if it h ttom. Jar d jD D, trad a t B, 

118 hnt thud fitn thi top, fot 575, leno 7 » 

1 8, hm ninth ft vn tin h tin w, fot 280 read dJO. 

1' P hue s nth frtnn tht h p, Jor 7, read b* 

J1 hm srT 1 th fiovn tht (tottoffi, for 4816, lead 6204, 

It hi fiinthjri? iht tottim, foi 1H278, tiad l*ib66, 
ib, hm ituond Jrtnn tht bottom, fot 01 9, rtad 9813. 

1 r f. 1 r f 

It, ttetfomfinr, fit 1 •^0501=I..l 8 8, rt id I 11198=1.1 9 0. 

, 140, tmt ft hi nth fimn ihi i p, fin elk, rtad c i Ii 
146, line i nth fitmi iht biit m, fin 17 6 5, ttad IThb.l. 



I m twe tccond Jii ett Iht bottom, for — fcaJ ^ 

150, /BO hncs at the top, icad iiitcrsttlioii 4, through 1 and parallel to W; an 4 
6.4 ; and 6 thiough b paiolltl to b 5, and 7 througli 7 parallel to 8.6 

IfiT. lmfnjrthtH,d,rv.nll,Jf,n 80ab+iob« 


Ib, hnejbvfteenihfron tht hp, f f ''Ubtratted, /fid added. 
Ib, hnt^^h Jtom thi bottonh Jot added, tcud bubtiacted* 


9 cutting. 


rl 5 throuioph 5 |Mr««1|et to 
i and Jastljr joUi 6,7. 
















































































